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1. The information, representations and statements contained in this publication are 
provided for general scientific information purposes only.
2. The State of Western Australia, the Minister for Agriculture and Food, the Director 
General of the Department of Agriculture, the Grains Research and Development 
Corporation and their respective officers, employees and agents:
a) do not make any representation or warranty as to the accuracy, reliability, 
completeness or currency of the information, representations or statements 
in this publication (including but not limited to information which has been 
provided by third parties); and
b) will not be liable, in negligence or otherwise, to any person for any loss, 
liability or damage arising out of an act or failure to act by any person in 
using or relying on any information, representation or statements contained 
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General of the Department of Agriculture, the Grains Research and Development 
Corporation and their respective officers, employees and agents:
a) make no representations or warranty that any of the products specified in 
this publication are registered pursuant to the Agricultural and Veterinary 
Chemicals Code Act 1994 (WA); and
b) do not endorse or recommend any specified product or any manufacturer of 
a specified product.  Brand, trade and proprietary names have been be used
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use and should follow the directions specified on the label.
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2006 CROP UPDATES – WEED UPDATE
Welcome to another years worth of weed research highlights.  
This year on offer there is a special feature on spray application technology and drift, the latest 
research on herbicide resistance and a detailed account of the herbicide tolerance work conducted by 
the Department of Agriculture and private researchers.  Guidelines for the use of atrazine in broadacre
situations and management of dodder, a new threat to our crop production systems, are also outlined 
plus much more.
I hope that you are able to make practical use of the information in this booklet during this season and 
into the future.
I would like to thank all of the authors, reviewers and committee members for all of their help in getting
this book together and at the printers on time.  A special thanks to Chiquita and Judy in Document 
Support (they have probably given up a week end on this book alone).
Alexandra Douglas
CONVENOR – WEEDS
DEPARTMENT OF AGRICULTURE, KATANNING
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
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Meeting variable application goals with new 
application technology
Thomas M. Wolf, Agriculture and Agri-Food Canada, Saskatoon Research Centre, 
107 Science Place, Saskatoon, SK, S7N 0X2, WolfT@agr.gc.ca +01 306 956 7635
Spray applicators are tasked with applying pesticide efficiently, with maximum efficacy and least 
environmental impact.  Given the wide variety of conditions in which crops are grown, this can be a 
daunting task, and not all these goals can be met simultaneously.  In this paper, management 
practices will be discussed and research results that explore a number of pesticide application 
scenarios will be presented.  
SPRAY DRIFT
One of the enduring challenges with pesticides is the reduction of spray drift.  This is becoming more 
important each year, for several reasons:
· Pesticides are commonly found in surface, ground, and precipitation water.
· Many of our fungicides and insecticides can be very toxic to birds, fish, or their food.  
· The use of 2,4-D ester and other volatile formulations remains high, and new weed control 
products often contain these in a tank mix.  
· The public is scrutinising the use of pesticides and human exposure.
· Regulators are restricting pesticide use based on concerns about the environment.  
Factors that govern drift risk
Several factors are important in determining how much spray will drift, and these primarily involve 
weather conditions and sprayer setup.  Obviously, the best way to prevent drift is to spray only in the 
correct conditions with a properly adjusted sprayer.  It is therefore important for an operator to have 
some understanding of how these are interrelated.  
Weather conditions
The most important weather factors are:
· wind speed;
· atmospheric stability;
· temperature and relative humidity (Delta T).
Wind speed:
All other things remaining constant, spray drift increases linearly with increasing wind speed.  For 
example, an 8001 tip applying 50 L/ha will lose about 3 per cent drift at a 10 km/h wind speed, 7 per 
cent at 20 km/h, and 11 per cent at 30 km/h.  This doesn’t mean that calm conditions are ideal for 
spraying.  At very low wind speeds, the drift cloud can move in an unpredictable direction and cause 
damage.  As a result, spraying is best done when there is some wind, and when the operator can be 
sure that wind direction has stabilised. 
The effect of wind speed is a function of spray quality.  For example, coarse sprays are less sensitive 
to increased wind speeds than fine sprays.  But even with good drift reducing technologies, drift will 
still occur, and there are always maximum wind speeds above which no spraying should be done.  
Operators must use their judgement and be aware of downwind effects at all times.  
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
1Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
1
Agribusiness Crop Updates 2006
Agribusiness Crop Updates 2006
Atmospheric stability:
Under normal sunny daytime conditions, the atmosphere is said to be ‘unstable’.  This means that air 
near the ground is much warmer than air above.  Under these conditions, there is considerable 
turbulence in the atmosphere, and adjacent air layers mix readily with each other.  So if the air 
contains some drift, this drift is quickly dispersed upward and downward, diluting it with clean air and 
reducing its impact.
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
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The opposite of an unstable atmosphere
is a ‘stable’ atmosphere (‘temperature
inversion’).  Inversions occur when air
near the ground is cooler than air above
it, typically at nights with limited cloud
cover and light to no wind.  Under
inversion conditions, turbulence is
suppressed and suspended spray may
hang over the treated area in a
concentrated cloud for a long time.
Winds after an inversion are very slow
and unpredictable in direction, and when
they occur, a concentrated spray drift cloud is moved off the treated area and can cause considerable 
damage at its destination.  For this reason, drift potential is high during a temperature inversion.  Fine 
sprays are particularly sensitive to inversion drift.  Applicators should avoid spraying during 
temperature inversions, regardless of the application method.  Most serious drift complaints involve 
spraying under inversion conditions.  
Air temperature and relative humidity:
Small water droplets can rapidly evaporate to a
smaller size, predisposing themselves to drift.
Temperature and relative humidity affect how
quickly droplets evaporate.  For example,
under warm and humid conditions (20°C and
80 per cent relative humidity), a 100 µm
droplet evaporates completely in 57 seconds.
Under hotter, dry conditions (30ºC and 50 per
cent relative humidity), the same droplet is
evaporated in 16 seconds.  A 50 µm droplet
would last only 4 seconds under the hot and dry conditions, enough time to fall only 15 cm.  From a 
drift perspective, droplets large enough to withstand drift may evaporate down to a size which makes 
them drift-prone in the time they spend between the nozzle and the target plant. 
Sprayer settings
For all sprayers, drift reducing methods focus on three approaches:  
· Reducing the proportion of small droplets in the spray cloud (spray quality).
· Protecting the spray from wind (boom height and shrouding).
· Diluting the spray solution (carrier volume).
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
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Field Sprayer
Travel speed 13.0 km/h, Application volume 100 L/ha 
Wind speed (km/h)
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Effect of droplet size on off-target spray drift.  Boom height was 60 cm.
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Spray quality:
The most effective way to reduce drift potential is to apply coarse sprays that minimise the proportional
contribution of small droplets (< 150 µm).  Droplet size can be varied in a number of ways.  The 
selection of a nozzle and spray pressure are the most important parameters.  
· Pressure:  For any given nozzle, lower pressures result in coarser sprays.  Drift potential can 
vary by a factor of three within a nozzle’s recommended pressure range.  The lowest 
recommended pressure will minimise drift risk.  Operators should ensure that spray patterns 
remain uniform at the lower pressures.
· Flow rate:  For any given nozzle, a larger orifice (nominal flow rating) will produce a coarser 
spray. 
· Nozzle types:  Conventional flat fan nozzles or hollow cone nozzles can be quite drift prone.  
Low-drift nozzles are available from many manufacturers.  These use a combination of pressure
and flow rate to produce a spray that can reduce drift from 50 to 95 per cent for a given flow 
rate.  Many of these nozzles can be operated at higher pressures without increasing drift 
potential significantly.  This is one of the most important and widely used means of drift 
reduction for ground application, and will be discussed in more detail at the end of this 
presentation. 
· Nozzle fan angle:  With most nozzle types, narrower fan angles produce larger droplets.  If 
wider fan angles are used, booms should be lowered to compensate.  
· Carrier volume:  Most herbicides work equally well between 50 and 200 L/ha.  Use of higher 
carrier volumes is a very effective way of reducing drift, for two reasons.  First, if travel speed is 
maintained, a larger nozzle is used to apply the higher volumes.  This results in a coarser, less 
drift-prone spray.  Second, the spray solution is more dilute at the higher volume.  This means 
that drift will contain less active ingredient, and therefore have less potential for causing 
damage.
Travel speed
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Effect of travel speed on spray drift.  30 km/h travel speed conducted using XR11002 
tips applying 30 L/ha.  8 km/h travel speed done using XR8001 tips applying 50 L/ha.
Fast travel speeds have three main effects on how spray behaves after it leaves the nozzle.  Faster 
speeds:
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the Grains Research & Development Corporation
5Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
5
Agribusiness Crop Updates 2006
Agribusiness Crop Updates 2006
· increase sheet break-up and cause a finer, more drift-prone spray to be produced;
· cause the spray to stay aloft longer because it gets swept back due to air resistance;
· often require higher boom heights on uneven ground;
On the other hand, when maintaining a constant carrier volume and pressure, faster travel speeds 
require the use of larger flow-rate nozzles (= coarser sprays), reducing drift potential.
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
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Boom height
Spray can be protected from wind by lowering the boom to the minimum recommended setting.  For 
80º fan angles, this is 45 cm, and for 110º fan angles, 35 cm.  Remember that 110º nozzles create 
finer sprays than 80º nozzles, so the ability to lower them closer to the ground doesn’t really afford 
much more drift protection.  Also remember that suspended booms of self-propelled sprayers are likely
to sway during operation, so booms need to be high enough to compensate for that.  By orienting the 
spray forward or backward, boom height can be reduced as long as the nozzle to target distance is 
maintained at the minimum recommended in the direction the nozzle is oriented in. 
Standard
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Shrouds
Reduction of drift with shrouds.  Application volume was 50 L/ha.
Shrouds
Shrouds reduce drift.  In field testing, shrouds were able to reduce drift from an 8001 tip applying 50 L/
ha by about 75 per cent.  Drift from the finer spray produced by 11001 tips was not as easily 
prevented.  Some booms may not be able to accommodate shrouds, in those cases cones may be 
appropriate.  Cones allow greater ground clearance for suspended booms, and won’t contaminate 
susceptible crops with spray residue on the shielding material.  Protective cones have been shown to 
reduce drift by 30 to 50 per cent.  Unfortunately, we don’t yet know how these shrouds perform on high
clearance sprayers moving at faster travel speeds.  An operator should expect shrouds to become less
effective at the higher travel speeds.  A combination of shrouds and low-drift tips, although not yet 
tested under field conditions, would provide the best overall drift protection, better than shrouds alone 
or low-drift tips alone.
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
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Travel Direction
Air Assist
Nozzle
Sleeve
Air
movement
Air assist carries drift-prone droplets to their intended target.
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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Air assist
The use of air assist to reduce drift is sound in principle, but more difficult to put into practice.  In 
principle, a fast-moving droplet is more drift-resistant than a slow-moving droplet of equal size.  The 
idea behind air assist is to use an air stream to carry the emitted spray downward toward the target, 
imparting speed and preventing it from hanging in the air and being exposed to wind.  It is important to
set the direction and velocity of the airblast to match the prevailing atmospheric and crop canopy 
conditions.  For example, too strong an airblast into a small crop canopy, such as seedling wheat, can 
result in the airblast rebounding off the ground.  Any spray not intercepted by the canopy will return 
upward into the airstream and is prone to drift.  Tests have shown that drift will increase if the airblast 
is too strong.  When spraying into a dense canopy, for example to desiccate a pulse or apply fungicide
to canola, a strong airblast is more appropriate to obtain better canopy penetration.  Ultimately, air 
assist must be adjustable to be useful and requires an experienced operator for maximum benefits.  
The importance of active ingredient
Some herbicides (2,4-D ester) and insecticides are prone to vapour drift and can seriously hurt plants, 
animals and humans.  Vapour drift can occur even when there is no particle (droplet) drift, and even 
dry spray deposits can send vapours into the atmosphere.  
Vapour drift increases with air temperature, therefore the application of volatile products should be 
avoided on, or just preceding, hot days.  Total losses depend on temperature, soil and leaf moisture, 
and the vapour pressure of the active ingredient.  
What can be done to avoid drift complaints?
· Be prepared.  Make sure you have product on hand and are aware of the weather forecast to 
avoid panic.  
· Know your surroundings.  Are there sensitive crops nearby?  Shelterbelts?  Does the family in 
the nearby yard know you're spraying?
· Measure wind speed and wind direction using a proper anemometer and compass before 
spraying.  Record this and other weather conditions (sunny, air temperature) in a log book.  It 
will come in handy if there's a complaint.  
· Make sure the wind is blowing away from sensitive areas.  
· Don't spray under high wind speeds or dead-calm conditions.  At night, temperature inversions, 
usually associated with calm conditions, allow the spray cloud to ‘hang’ for a long time.  This 
cloud can do a lot of damage once winds come up.
· Use low-drift technology whenever possible.  Recognise its limits and stop spraying when it gets
too windy. 
· Drive as slowly as your schedule allows.
· Keep boom height as low as possible.  Consider getting automatic boom height adjustment.
· Lower spray pressure near sensitive areas.
· Avoid spraying volatile products on or immediately before hot days.  Even dried spray deposits 
can volatilise and drift. 
· Get trained and updated regularly.  
· Be professional and courteous and respect the concerns of others.  
· Phone an expert if you're not sure what to do.  
Droplet size and efficacy
It is relatively easy to minimise drift by using a coarser spray.  However, the primary reason for the 
spraying operation is to control the target pest, and this goal should not be compromised.  It is known 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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that coarser sprays can be less well retained by difficult-to-wet weeds (grasses such as foxtail or 
broadleaves such as kochia).  Easy-to-wet plants such as pigweed or smartweed easily retain coarse 
sprays.  Venturi nozzles can maintain equivalent weed control under most conditions as long as spray 
patterns are good and pressures are optimised for the target weed (broadleaf weeds:  > 3 bar, grassy 
weeds, 4–6 bar).  The primary reason for poor performance of coarse sprays is not due to the larger 
droplet size, but rather due to poor spray patterns resulting from operation at lower pressures.
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
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Low-drift nozzles:
Pre-orifice:  If an applicator wants the benefit of a coarser spray without changing carrier volumes, a 
good solution is to use a pre-orifice low-drift nozzle (for example Spraying Systems Drift Guard (DG) 
series, Turbo TeeJet (TT) series, Albuz ADI, Hypro LD, Hardi LD, or Wilger ComboJet MR and DR).  
These nozzles can be used at conventional pressures, and will result in about 50 per cent less drift.  
They work by using an extra orifice in the nozzle.  This pre-orifice meters the spray at the required flow
rate and pressure, and the regular exit-orifice, which creates the spray pattern, is somewhat larger 
than this.  Because of the exit orifice’s larger size, there is a pressure drop between the two, in effect 
creating a low-pressure tip which can be operated at regular pressures.
Venturi:  Venturi nozzles are the latest addition to the drift-fighting toolbox.  Also known as ‘air 
induction’ or ‘air inclusion’ nozzles, these ultra-low-drift nozzles represent a more sophisticated version
of the pre-orifice nozzle.  An internal venturi or jet draws air into the nozzle through small aspiration 
holes in the side of the nozzle body, which mixes with the spray liquid.  The spray emitted from the 
nozzle contains large droplets filled with air bubbles, and virtually eliminates fine, drift-prone droplets.  
The bubble-containing droplets are more easily retained by leaves, and provide similar coverage to 
finer, conventional sprays when used at volumes > 50 L/ha.  Dramatic reductions in drift have been 
observed with these tips.  Most venturi nozzles produce sprays rated as ‘Coarse’ to ‘Very Coarse’, but 
there are some differences between models.  Key features to watch for are pressure ranges, ease of 
cleaning, and the ability to fit onto existing hardware.  
Optimising Venturi nozzle performance:  Manufacturers of the nozzles don’t provide much information 
on how best to use them.  The biggest problem appears to be occasional reductions in grass control 
with some herbicides, especially with the coarsest sprays.  Fortunately, all problems that have been 
encountered so far can be controlled by the applicator.  
A problem can appear once an applicator wants to maximise drift reduction at all cost:  It’s nearly 
impossible to eliminate drift entirely without paying some price in spray coverage.  Venturi nozzles 
have allowed us to maintain good efficacy even though they are quite coarse.  But there is a limit.  
With grassy weeds, or possibly with very low carrier volumes, too coarse a spray, combined with poor 
pattern uniformity, can cost you weed control efficiency.  
The most important thing is to strike some kind of compromise when choosing a nozzle.  If you’re 
trying to target grasses, avoid the coarsest sprays.  Secondly, if you already have a coarse spray, 
increase the pressure to at least 4 bar, higher if possible.  This makes the spray a bit finer, improves 
patterns, but doesn’t impact drift protection very much.  Finally, don’t cut corners with herbicide rate, 
staging or water volumes, especially when growing conditions are poor.  The coarser sprays are less 
forgiving of these shortcuts.  
Four rules for nozzle selection
1. Choose the best nozzle type for your needs:
· Conventional flat fan
Advantages:  Reliable performance, allows lowest water volumes.
Disadvantages:  Drift prone, can’t use high pressures.
· Pre-orifice
Advantages:  Reduce drift 50 per cent, reliable efficacy at lower volumes, good for grassy
weeds.
Disadvantages:  Need slightly higher pressures than conventional flat fan.
· Low-pressure air induced 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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Advantages:  Reduce drift 50 to 70 per cent, can use reasonable pressure, good for 
grassy weeds higher pressures or volumes.
Disadvantages:  Need > 50 L/ha, > 2 to 3 bar.
· High pressure air induced
Advantages:  Reduce drift 70 to 90 per cent.
Disadvantages:  Must use higher pressures (> 4 bar) and more water (> 70 L/ha) for 
grassy weeds.
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2. Watch you water volume
The coarser your spray, the higher your water volume must be.  There are two main reasons for 
this:  (i) You must have enough droplets per square centimetre to hit your target.  This is most 
critical for pre-seed burn-off, where weeds are smallest, and low-volume, coarse sprays will 
likely miss weeds entirely.  (ii) You need sufficient coverage on your target for the pesticide to do
its job.  This is most important for contact herbicides such as bromoxynil, glufosinate, and 
reglone, and for insecticides and protective fungicides.  It is also important for grassy weeds, 
most of which have a hard time retaining very large droplets.  
3. Use the right pressure for your nozzle
The most common reason for performance complaints is when the spray pressure of a low-drift 
nozzle was too low, resulting in insufficient overlap between nozzles (see next point).  
Air-induced nozzles require higher pressures to operate properly.  If your sprayer cannot 
produce sufficiently high pressures, you should not be using these nozzles.  Try to do most of 
your spraying at these pressures:  Conventional, 1.5–3 bar, pre-orifice, 2–4 bar, low-pressure 
air-induced, 3–4 bar, high pressure air-induced, 4 to 6 bar.  Higher pressures increase drift, but 
less so for air-induced nozzles.  
4. Ensure good patterns 
The coarser droplets produced by low-drift sprays will go where they’re pointed.  There is only 
one chance to get uniform coverage across the boom.  Finer sprays from conventional nozzles 
can re-distribute themselves with wind or turbulence, covering up mistakes.  For coarse sprays, 
try to achieve a nozzle pattern width that is twice your nozzle spacing at the target height.  Do 
this by selecting wider angle nozzles, increasing pressure, or adjusting boom height.  This will 
ensure that the coarsest droplets at the pattern edge are mixed in with the more abundant, finer 
droplets found in the middle of a pattern.  
WATER VOLUMES
Low water volumes save time, and low-drift nozzles reduce drift.  Can we use them together to get the 
best of both worlds?  Probably not.  Very coarse sprays provide fewer droplets than conventional 
sprays, and if we also use less water, we may have insufficient coverage.  What is the point beyond 
which an applicator should not venture?  This paper will report on research conducted to answer this 
question.  
Methods
Field and laboratory trials were conducted near Saskatoon in 2003, 2004, and 2005.  Simulated 
grassy  broadleaf weeds were treated with clodinafop-propargyl, quizalofop and flucarbazone-sodium. 
Spray application was done with three nozzles, offering three spray qualities:  TeeJet DG11003 (ASAE
Medium), Delavan RF 11003 (ASAE Coarse) and Delavan RF11003 with RF11004 exit tip (ASAE Very
Coarse).  
Treatment list for field trials
Nozzle
type
Volume
(L/ha)
Capstan duty
cycle (%)
Pressure
(psi)
VMD1
(µm) Spray quality
DG 11003 45 25 32 295 Medium
85 60 36
125 100 36
RF 11003 45 25 42 370 Coarse
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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85 60 36
125 100 39
RF 11003/04 45 25 38 510 Very coarse
85 60 41
125 100 40
1 Volume Median Diameter.
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Each nozzle had a nominal flow rate of 1000 mL/minute at 2.7 bar.  Three water volumes for each 
nozzle were achieved through a pulse-width-modulated nozzle solenoid (Capstan Synchro).  By 
intermittently shutting off the flow to a nozzle 15 times per second, this system made it possible to 
reduce the flow rate of each nozzle below its nominal value without adjusting spray pressure.  Nozzles
were operated at 100 per cent, 60 per cent, and 25 per cent duty cycle, for application volumes of 125,
85 and 45 L/ha.  Spray pressures were near 2.75 bar, adjusted so that travel speed for all treatments 
was 10 km/h based on tip calibrations.  Boom height was set to 50 cm above target height for all 
treatments.  Applications were made when grassy weeds were at the two to four-leaf stage.  Weed 
control was assessed through visual ratings and biomass samples.  
RESULTS AND DISCUSSION
Clodinafop
Overall oat control was very good, remaining above 90 per cent at the full label rate in all but one 
case.  At 45 L/ha water volume, oat control was significantly lower (about 60% control) when applied in
a Very Coarse spray.  At 85 and 125 L/ha, there was no effect of spray quality on clodinafop 
performance. 
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Interactive effect of water volume and droplet size on clodinafop oat control (2005).
Oat control was reduced to about 80 per cent when the herbicide rate was reduced to 50 per cent of 
label recommendations.  Weed control also became more variable at the lower rate.  Similar 
responses to spray quality were observed as were seen at the full rate:  a significant decrease in weed
control with the coarsest spray at 45 L/ha, but no effect of spray quality at the higher volumes.  
Quizalofop
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Quizalofop was more sensitive to droplet size than clodinafop.  While oat control was very good at the 
full label rate and Medium to Coarse sprays for all water volumes, control was significantly reduced 
when spray quality became Very Coarse at all water volumes.  This effect was most pronounced at the
lowest water volume.
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Interactive effect of water volume and droplet size on quizalofop oat control (2005).
At the half-label rate, weed control was reduced significantly and variability in control increased.  Poor 
control was obtained at the lower water volumes and the coarsest sprays.  
Flucarbazone
Flucarbazone demonstrated consistent and high oat control at all water volumes and spray qualities.  
There was no significant reduction in efficacy when spray quality was coarser or volumes were lower, 
even at the low herbicide rate.  At the low rate, the consistency of control was not as great as it was at 
the higher rate.  These results may be explained by the soil activity of flucarbazone.  Plots received a 
rain shower several days after spray application, permitting greater root uptake of herbicide.  Unlike 
foliar uptake, root uptake is not dependent on spray quality.  
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Interactive effect of water volume and droplet size on flucarbazone oat control (2005).
Explanations for loss of herbicide performance on grassy weeds at low volumes and large droplet 
sizes focus on the following major factors.  
· Grasses are difficult-to-wet and do not retain large droplets as well as they retain smaller 
droplets.  Easy-to-wet broadleaf weeds are not affected by droplet size in this way.
· Vertically oriented plants or structures (grasses, stems) tend not to intercept larger droplets as 
efficiently as horizontally oriented structures (dicot leaves, cotyledons).  
· Even systemic herbicides require a minimum amount of spray coverage (droplets per square 
centimetre) to be effective.  
· Increased water volume is an effective way to maximise Group 1 herbicide performance, usually
increasing consistency and reducing the effect of spray quality.  Conversely, low volumes 
require finer sprays.
· Soil active products are less sensitive to all of these variables.  
Coverage
Analysis of coverage on water-sensitive paper showed that the number of droplets per square 
centimetre decreased when water volumes were decreased or droplet size was increased.  Combining
low volumes with coarse sprays resulted in the largest droplet density reduction.
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Effect of water volume and droplet size on spray coverage on water-sensitive paper.
Recommendations:
· Low-drift sprays are an effective tool for reducing off-target drift and widening windows of 
opportunity for spraying in more marginal conditions.  However, they must be used cautiously 
with low water volumes and grassy weeds
· It is not recommended that grassy herbicides be applied below 50 L/ha.  
· At low volumes, Medium sprays or finer should be used.  
· At 85 L/ha or higher, Coarse sprays can be used.  
· Very Coarse sprays should be avoided with Group 1 products.  
FUNGICIDES
The role of application technology in disease control
Plant diseases are affected by many factors, and their relative importance should be discussed prior to
any emphasis of application method.  We know that disease development requires a susceptible host, 
a virulent pathogen, and an environment favourable for disease development.  Also, protection from a 
fungal disease requires an effective fungicide that is applied at the proper stage of the crop and the 
disease.  In the face of strong disease pressure through a highly virulent pathogen, a susceptible 
plant, and conducive environmental conditions, a fungicide’s capabilities will be put to the test and 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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application method will be very important.  But if the fungicide is not very effective or disease pressure 
is overwhelming, even a proper application method can’t overcome that weakness.   
Commonly held beliefs
Based on work to date, primarily originating in Europe, there are some perceptions about the 
application of fungicides.
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‘Fine sprays are needed for coverage’
This is partly true.  At any given volume, smaller droplets will increase overall droplet numbers, and 
this will increase coverage if they land on the target.  On the other hand, these finer sprays also 
evaporate very quickly and can't be accurately placed.  Coarser sprays will provide just as much 
coverage as long as water volume is reasonable (> 10 gpa).  In the end, it is droplet density (number 
per square inch) which is more important, and adequate densities can be achieved with a wide 
number of application methods
‘High pressure improves penetration’
This is mostly false.  Applicators believe that higher pressure accelerates droplets and forces them 
deeper into the canopy.  In fact, the acceleration of droplets by higher pressure does not persist very 
long, and has little impact by the time the droplets reach the canopy.  The most important thing 
pressure does is produce a finer spray, and if one can live with the increased drift potential, this may 
increase coverage
‘More coverage is better’
One would think this were always true.  In many studies where coverage was related to disease 
control, results were very variable.  This does not mean that good coverage is not necessary - it is.  
But because there are so many other factors at play (disease pressure, variable crop stages, etc), 
improved coverage does not guarantee better disease control.  Still, it is good practice to strive for the 
best possible coverage to improve consistency.  
‘Low water volume lets you cut rates’
This is an old debate - why not save water by producing a fine mist?  Again, this is not entirely false.  
Fine sprays can be applied at lower volumes.  But they may not penetrate the crop canopy as well as 
coarser sprays at higher volumes.  For this reason, fine sprays and low water volumes are often 
applied with air assist.  This is a good practice, but the equipment is more expensive and must be 
properly used to be effective.  
Example 1:  Sclerotinia control in canola
A three-year study was conducted at Melfort, Saskatchewan to look at the effect of spray quality on 
sclerotinia control in canola.  In two out of three years, fungicides resulted in an economic increase in 
seed yield.  In the other year, disease pressure was heavy and prolonged and the single application 
did not reduce disease significantly.  
Observations:  When fungicide reduced disease (i.e. 1998 and 2000), nozzles did not differ in their 
ability to control disease or protect yield.  It appeared that reduced stem rot incidence and increased 
yield was associated with increased spray pressure for either nozzle or fungicide product, although 
these effects were not statistically significant. 
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Sclerotinia control in canola with two fungicides and five application methods, Melfort, 2000.  TD02 and 
TD015, Greenleaf TurboDrop (air-induced); XR02 and XR015, TeeJet XR flat fan (conventional); TX-VS, 
TeeJet Hollow cone nozzle.
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
21Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
21
Agribusiness Crop Updates 2006
Agribusiness Crop Updates 2006
Testing under controlled conditions revealed that spray deposition patterns were similar for all nozzles 
but increased pressure tended to deposit a slightly larger proportion of spray on the flowers.  Since the
petals are the primary sites of sclerotinia stem rot infection and colonisation the increased deposition 
of spray on petals with increased spray pressure was responsible for the reduced infection and yield 
loss. 
Conclusion 1:  There was no effect of spray quality on sclerotinia control or spray partitioning in 
canola.  Coarse, air-induced sprays could therefore be used to control this disease.  Higher pressures 
provided slightly better control, but fine sprays applied at very high pressure did not increase disease 
control.
Example 2:  Ascochyta control in chickpeas
A study comparing application method of fungicides in chickpeas shall be discussed.  In the first, the 
effect of nozzle type was evaluated.  At double nozzle (Lurmark TwinCap) was compared to a 
conventional flat fan (TeeJet XR) and an air-induced nozzle (Air Bubble Jet).  Application volume was 
200 L/ha at 2.75 bar with all nozzles.  In the second experiment, the effect of carrier volume was 
evaluated using a flat fan nozzle travelling at different speeds to achieve 100, 200, and 300 L/ha.  
Observations:  Fungicide, but not nozzle type had a significant effect on disease control in the majority
of trials.  Headline and Quadris tended to provide better disease control than Bravo or Folicur.  Nozzle 
type did not have a significant effect on disease control.  
Water volume had no significant effect on unifoliate chickpeas, but showed a significant response in a 
fern-type canopy.  With most products, application in 200 L/ha provided significantly greater disease 
control than 100 L/ha.  In some cases, 300 L/ha was slightly better than 200 L/ha.  
Disease control observations were confirmed with spray retention studies.  For fern or unifoliate leaf 
types, nozzle type had no significant effect on spray retention.  Carrier volume had no significant effect
on unifoliate leaf types, but on fern leaf types, higher carrier volume provided significant improvements
in spray retention.  
Outlook, Sanford
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Ascochyta disease severity on Sanford (unifoliate leaf – Kabuli) with four fungicides and 
three application methods.  Twin, Lurmark TwinCap with conventional flat fan nozzles; 
XR, TeeJet XR flat fan (conventional); ABJ, Air Bubble Jet (air induced).  Application 
volume 200 L/ha @ 2.75 bar.
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Outlook, Yuma
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Ascochyta disease severity on Yuma (fern leaf type – Kabuli) with four fungicides and 
three carrier volumes @ 2.75 bar.
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Spray retention on chickpea (Myles, Desi fern leaf type) with three application methods and carrier 
volumes.  Plants were partitioned into leaves and stems at each of three levels of the canopy.  
Conclusion 2:  There was no effect of spray quality on ascochyta disease control or spray retention in 
fern or unifoliate chickpeas.  Higher carrier volumes tended to provided better disease control and 
retention values in fern- (dense canopy), but not unifoliate (open canopy) leaf types.  
Example 3:  Fusarium control in wheat
Fusarium is a severe disease of cereals, particularly corn, wheat, and barley, in the eastern prairies.  
The disease affects cereal spikes and can cause severe yield loss and downgrading.  Infection occurs 
during flowering, and the staging of fungicide application is short and critical.  
A study was conducted to examine the role of spray quality, travel speed, and nozzle orientation on 
disease control and spray retention in wheat.  A double nozzle design suggested by the North Dakota 
State University (NDSU) in which two nozzles are used at each location, with one pointing 60º forward 
and the other 60º backwards, was used to try to maximise deposition in the front and rear of the head. 
A combination of double nozzles, coarse air-induced sprays, and faster travel speeds (15.2 km/h vs. 
7.6 km/h) provided the highest deposits on simulated wheat heads.  For all nozzles, faster travel 
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speeds improved deposition.  When a single nozzle was used, a finer spray quality was better.  But 
when double nozzles were used, coarser sprays improved deposition.  
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Effect of spray quality and nozzle orientation of spray deposition on simulated wheat heads.  
Under field conditions, there was no effect of spray quality, nozzle orientation, or travel speed on 
Fusarium incidence or grain yield.  Although this may seem disappointing, it is good news as it allows 
for more productivity and better drift protection without adverse effects on disease control.  
 
Fusarium head blight incidence in Barrie wheat, Redvers 2001, in response to nozzle 
orientation and nozzle type.
Single nozzles pointed forward had better deposition on vertical targets than single nozzles pointed 
backwards.
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Effect of single nozzle angle and nozzle type on spray deposition on vertical drinking 
straws. 
Conclusion 3:  Wheat heads were most effectively targeted with low-drift twin nozzles travelling at 
15.2 km/h vs 7.6 km/h, or single nozzles angles forwards rather than backwards.  This increase in 
deposition did not translate into higher grain yields.  
RECOMMENDATIONS
Ensuring high levels of performance is difficult with application method alone.  Other factors that 
determine disease severity can often over-ride improvements in application technique.  Nonetheless it 
is important to apply fungicides properly, and the following steps are recommended.
· Apply fungicides in high carrier volumes unless the label specifically recommends against it.  
Higher volumes improve both coverage and penetration of the spray, and this is the single most 
important variable for foliar fungicides.
· Do not apply fungicides as very fine sprays.  There appears to be no advantage to this, and it 
can lead to excessive spray drift and evaporation.  Although fine droplets are important for 
coverage, they are contained in all (even low-drift) sprays and are more effectively deposited 
when associated with larger droplets or air assist.
· Double nozzles appear to be a promising new way to apply fungicides.  Our best information to 
date suggests that these nozzles are most effective when used with coarser sprays.  This is 
primarily because coarser droplets maintain their original direction of travel for a longer period of
time, and therefore cover the leading and trailing sides of the target more effectively.  Finer 
sprays are easily displaced by wind and turbulence, and the initial direction of travel is soon lost.
OVERALL CONCLUSIONS
In order to optimise pesticide effectiveness, applicators must be prepared to balance their productivity 
and attention to environmental protection.  No single nozzle or application volume will do all jobs 
optimally.
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In general, our research results have shown that low-drift nozzles, particularly air-induced 
technologies, are able to reduce drift significantly (by 75% or more) while maintaining good 
performance over a wide variety of conditions.  They are particularly well suited to the application of 
fungicides and broadleaf herbicides.  When applying grassy herbicides, higher pressures and/or 
higher water volumes should be used with low-drift nozzles to maintain effective targeting.  
Dense canopies are best penetrated by a combination of slower travel speeds and higher water 
volumes.  Finer sprays or higher spray pressure had little or no effect in penetration of such canopies.
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APPENDIX
The following is a typical nozzle recommendation for a producer, arrived at some consultation that 
established their cropping system (direct seeding), herbicides (mostly systemic, with an emphasis on 
grassy weed control), fungicides (primarily wheat and canola, target top of canopy), sprayer type (high 
clearance, travelling at 14 mph), and tolerance for drift.
I am recommending low-pressure air-induced nozzles for your sprayer.  These nozzles provide good 
drift protection and are proven to give good coverage under a variety of applications.  The most 
important thing to remember is to use sufficient water (within reason, more is usually better, except for 
glyphosate) and to ensure your spray pressure stays within the recommended range.  Too low a 
pressure (< 30-40 psi) results in poor spray patterns that may reduce control.  I think your sprayer 
monitor can be set up to give you an audible warning when you reach a certain minimum pressure.  
There is no real penalty for going to higher pressures in terms of drift, but you may increase the wear 
on your hoses and fittings, and reach the limits of your pump capability.  Most John Deere sprayers 
can reach 120 psi – you don’t need to go that high. 
1. Glyphosate for pre-seed burn-off
· Apply product in 5 US gpa (50 L/ha)
· Nozzle choices:
1. SprayMaster (Hypro) Ultra Lo-Drift 120-02.
2. Greenleaf AirMix 11002.
3. Air Bubble Jet 11002.
· Operate both between 40 and 60+ psi (about 12 to 16+ mph)
Lower pressures increase droplet size and may reduce coverage.  Higher pressures 
make spray a bit finer, but have no large effect on drift potential.  AirMix and ABJ are a bit 
finer than Ultra-Lo-Drift.  This means slightly more drift, but also better coverage.  All 
three tips are good quality and work well, but AirMix is least expensive (about $6.00 per 
tip).  Spraymaster is available from John Deere.
2. In-crop herbicides other than glyphosate
· Apply product in 8 US gpa (80 L/ha).
· Nozzle choices:  
1. SprayMaster (Hypro) Ultra Lo-Drift 120-03.
2. Greenleaf AirMix 11003.
3. Air Bubble Jet 11003.
· Again, aim for 40 to 60+ psi with these tips.  At speeds of 12, 14, and 16 mph, they will 
operate at about 45, 60, and 80 psi, respectively, which are good values.  
When applying Liberty, apply product in 10 to 12 US gpa.  This product has a contact 
mode of action and requires better coverage than other products.  If you want, you can 
use the same tips, but slow down to about 10 mph to increase application volume.  Or 
else, use the fungicide nozzles. 
3. Fungicides
· Apply product in 10 to 15 US gpa (100 to 150 L/ha).
· Nozzle choices:
1. Albuz AVI Twin 120-04
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2. Lurmark TwinCap with two Greenleaf AirMix 11002
The AVI Twin is a new air-induced double nozzle that sprays two fans, one 30 
degrees back, the other 30 degrees forward.  This will give you good spray 
coverage for fusarium headblight control, and can also be used against sclerotinia 
in canola.  The Lurmark TwinCap does the same thing, but you have to assemble it
and insert two separate nozzles.  The ABJ does not fit into the regular TwinCap, 
you have to get a custom unit from an ABJ reseller.
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· With fungicides, slightly more water and slower travel speeds improve overall coverage 
and canopy penetration.  Aim for about 12 US gpa, 12 mph.  At these speeds, the 04 tips 
will be operating at about 60 psi, about perfect.  Again, aim for 40 to 60+ psi with these 
tips.
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Spray nozzles for grass weed control
Harm van Rees, BCG (Birchip Cropping Group)
KEY MESSAGES
Roundup PMax
1. To avoid causing off site damage when spraying weeds with Roundup in May, June and July 
when conditions are conducive to drift (low wind speeds, high humidity and low temperatures) it 
is best to avoid nozzle set ups which produce a fine droplet spectrum.
2. Under conditions with a high risk to drift, it is better to use nozzles which produce a medium to 
coarse droplet.
3. Nozzles which have lower drift potential such as the low drift nozzle (DG110-02) and the Air 
Inducted nozzle (AI110-015) can be used to produce highly effective weed control with Roundup
PMax (in this trial 65 L/ha water rate was used).
Spray.Seed
1. When spraying Spray.Seed under similar conditions as described for Roundup then a nozzle 
must be used which produces a fine droplet spectrum.
2. Spray.Seed is a contact herbicide and for it to be effective there must be good coverage and 
nozzles, which produce a coarse spectrum, will not work effectively.
3. Be careful of drift to neighbouring crops when using fine droplets under these conditions.
Grass selective herbicides
1. When spraying grass selective herbicides for controlling self sown cereals or ryegrass later in 
the season when the grasses have some size (from five leaf onwards) then the efficacy of 
control is more related to water rate (minimum 60 L/ha) than to droplet spectrum.
2. Effective grass suppression/control was achieved with grass selective herbicides when using 
droplets, which ranged in size from medium to coarse.
3. These droplet spectrums can be achieved with high pressure Air Inducted nozzles and low 
pressure Air Inducted nozzles, as well as low drift nozzles.
AIMS
To identify optimum nozzle set ups when spraying grass weeds.
METHODS AND RESULTS
Trial 1:  Small ryegrass control with Roundup and Spray.Seed
This trial was undertaken in 2004 (16/6/04) on a pasture paddock as a knock down.
Treatments: RoundupPMax (glyphosate 540 g/L) 0.8 L/ha and Spray.Seed (paraquat 135 g/L + 
diquat 115 g/L) 1.5 L/ha + wetter 0.1 per cent with 3 nozzles.
Replicates: 4 (plots 20 x 3 m).
Site: St Arnaud, Victoria.
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Target: Ryegrass at GS12-13 (2 to 3 leaf), minimum of 100 plants/m2.
Conditions: Temperature 12°C; Humidity 66 per cent, Delta T 3.5, Wind Direction SSW, Speed 
10 km/hr.
Nozzle set up is described in Table 1.  In all trials Nozzles faced directly downward.  Droplet spectrum 
is based on the BCPC specifications (in accordance with ASAE standards).
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Table 1. Nozzle type, pressure and droplet spectrum for small ryegrass control
Nozzle Description Pressure (bar) Droplet spectrum
XR 110-02 110o Standard flat fan 2 Fine
DG 110-02 110o Low drift 2 Medium
AI 110-015 110o High Pressure Air Induct 5 Coarse
Water volume for the XR and DG nozzles was 65 L/ha, and for the AI nozzle 76 L/ha.
When using Roundup all three nozzles were effective; with Spray.Seed the coarse droplets produced 
by the Air Inducted nozzle lost efficacy (Table 2).
Table 2. EWRC* scores for ryegrass (GS12-13) 30 DAS (Days After Spraying)
Nozzle Droplet spectrum RoundupPMaxat 0.8 L/ha
Spray.Seed
at 1.5 L/ha
XR 110-02 Fine 7.8 5.5
DG 110-02 Medium 7.8 6.0
AI 110-015 Coarse 7.3 4.3
Significant difference:
lsd 0.05
NS p = 0.03
1.1
* EWRC (European Weed Research Council) scores:  1 – no damage;  3 – slight damage effects reversible; 
5 - severe dis-colouration and stunting;  7 – heavy damage, some plants killed;  9 – complete loss.
Trial 2:  Self sown barley control in Lentils
Trial in 2002 where a low rate of barley was under-sown with a lentil crop.
Treatments: Verdict520 (haloxyfop 520 g/L) @ 60 mL/ha + Uptake oil 0.5 per cent with 5 
nozzles at 3 water rates.
Replicates: 4.
Sites: Birchip and Rupanyup, Victoria.
Crop: Lentils (Northfield).
Target: Barley (Gairdner) at GS30 (end of tillering).
Conditions: Birchip:  Temp. 10°C; Humidity 55 per cent, Delta T 4.0, Wind Direction W, Speed 
3 km/hr.
Rupanyup:  Temp. 15°C; Humidity 52 per cent, Delta T 5.0, Wind Direction SW, 
Speed 6 km/hr.
Nozzle set up is described in Table 3.
Table 3. Nozzle type, pressure and droplet spectrum for self-sown barley control
Nozzle Description Pressure (bar) Droplet spectrum
TJ 110-02 110o TwinJet (2 x 110-01) 3 Very fine
XR 110-02 110o Standard flat fan 3 Fine
DG 110-02 110o Low drift 3 Medium
TT 110-02 110o Turbo TeeJet 3 Medium
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AI 110-015 110o High Pressure Air Induct 5 Coarse
Three water rates were used (30, 60 and 90 L/ha) which was achieved by varying the application 
speed (speed ranged from 10 to 30 km/hr depending on water rate, nozzle and pressure used).
When using Verdict at low water rates (30 L/ha) none of the nozzles were very effective in controlling 
self sown barley at the end of tillering phase.  At 60 L/ha and 90 L/ha water rates all nozzles worked 
effectively in controlling self sown barley (Table 4).
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Table 4. EWRC* scores for barley (GS30) 30 DAS, average for two sites sprayed with Verdict
Nozzle Droplet spectrum
Water rate L/ha
30 60 90
TJ 110-02 Very fine 5.5 9.0 9.0
XR 110-02 Fine 5.5 8.0 9.0
DG 110-02 Medium 5.5 9.0 9.0
TT 110-02 Medium 5.3 9.0 9.0
AI 110-015 Coarse 6.0 9.0 9.0
Significant difference
Nozzle type:
Water rate:
lsd 0.05
NS
p < 0.001
1.1
* EWRC scores:  1 – no damage;  3 – slight damage effects reversible;  5 – severe dis-colouration and stunting;
7 – heavy damage, some plants killed;  9 – complete loss.
Within the 30 L/ha water rate there was no significant difference (p = 0.96) between the nozzles used.
Trial 3:  Ryegrass control with Select
This trial was undertaken in 2005 with Select for ryegrass control in a paddock of vetch.
Treatments: Select (clethodim 240 g/L) 250 mL/ha + Hasten 1 per cent, using 4 different 
nozzles.
Replicates: 4.
Site: St Arnaud, Victoria.
Crop: Vetch 7 to 10 node.
Target: Ryegrass at GS15-16 (5 to 6 leaf).
Conditions: Temperature 15°C; Humidity 63 per cent, Delta T 4; Wind SSW; Wind speed 
8 km/hr.
Nozzle set up is described in Table 5.  Spraying was conducted with 80 L/ha of water.
Table 5. Nozzle type, pressure and droplet spectrum for ryegrass control in vetch
Nozzle Description Pressure (bar) Droplet spectrum
DG 110-02 110o Low drift 2.2 Medium
TT 110-02 110o Turbo TeeJet 2.2 Coarse
TTI 110-02 110o Air Induct Turbo TeeJet 2.2 Coarse
IDK 120-015 120o Low Pressure Air Induct 2.2 Coarse
Two air inducted nozzles were compared to the more traditional Drift Guard and Turbo Teejet nozzles. 
The trial site is known to have ryegrass with some resistance to dim chemistry.  The control plots had 
on average 873 ryegrass seed heads/m2 at GS80, whilst the spray plots had, on average 110 ryegrass
seed heads/m2.  In relation to nozzle type there were no significant differences in efficacy (Table 6).
Table 6. EWRC* scores (21 DAS) and ryegrass seed heads at GS80
Nozzle Droplet spectrum EWRC score Seed heads/m2
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DG 110-02 Medium 7.0 123
TT 110-02 Coarse 7.3 91
TTI 110-02 Coarse 6.8 113
IDK 120-015 Coarse 6.5 110
Significant difference: NS NS
* EWRC scores:  1 – no damage;  3 – slight damage effects reversible;  5 – severe dis-colouration and stunting;
7 – heavy damage, some plants killed;  9 – complete loss.
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
36Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
36
Agribusiness Crop Updates 2006
Agribusiness Crop Updates 2006
Trial 4:  Demonstration of Ryegrass control with Select
This demonstration was undertaken in 2005 with Select for ryegrass control in a paddock of vetch.
Treatments: Select (clethodim 240 g/L) 250 mL/ha + Hasten 1 per cent with 4 nozzles.
Replicates: 1 (demonstration only).
Site: St Arnaud, Victoria.
Crop: Vetch 7 to 10 node.
Target: Ryegrass at GS15-16 (5 to 6 leaf).
Conditions: Temperature 14°C; Humidity 62 per cent, Delta T 4; Wind SSW; Wind speed 
8 km/hr.
Nozzle set up is described in Table 7.  All treatments in this demonstration were sprayed with 80 L/ha.
Table 7. Nozzle type, pressure and droplet spectrum for ryegrass control in vetch
Nozzle Description Pressure (bar) Droplet spectrum
XR 110-02 110o Standard flat fan 2.2 Fine
TT 110-02 110o Turbo TeeJet 2.2 Coarse
AI 110-015 110o High Pressure Air Induct 6 Coarse
IDK 120-015 120o Low Pressure Air Induct 2.2 Coarse
In this trial a motorbike boom spray was used to spray ryegrass at GS15-16 with Select using 4 
different nozzles, comparing the air inducted nozzles (high pressure Air Inducted nozzle (AI110-015) 
and a low pressure Air Inducted nozzle (IDK120-02)) to more conventional Standard flat fan and Turbo
TeeJet nozzles.  There was very little difference observed in the efficacy of each of these nozzles on 
the control of ryegrass (Table 8).  The site for this demonstration was adjacent to Trial 3, hence the 
ryegrass is partially resistant to the dim group of chemistry.
Table 8. EWRC* scores (21 DAS) and ryegrass seed heads at GS80
Nozzle Droplet spectrum EWRC score Seed heads/m2
XR 110-02 Fine 7.2 87
TT 110-02 Coarse 7.0 37
AI 110-015 Coarse 6.5 120
IDK 120-015 Coarse 6.8 60
* EWRC scores:  1 – no damage;  3 – slight damage effects reversible;  5 – severe dis-colouration and stunting;
7 – heavy damage, some plants killed;  9 – complete loss.
CONCLUSION
For small ryegrass at the two to three leaf stage, nozzle selection was important, especially when 
using a contact herbicide such as Spray.Seed.  At a water rate of 65 L/ha there was a decrease in 
efficacy on small grass weed control when using Spray.Seed delivered with Coarse droplets (Air 
Inducted nozzle:  AI 110-015 at 5 bar).  With a translocated herbicide such as Roundup it made no 
difference whether a Fine, Medium or Coarse droplet was used – they were all equally effective in 
controlling small ryegrass.
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For larger grasses, the main message from our trials with grass selective herbicides, is that high water
rates from 60 L/ha upwards is more important than droplet spectrum (fine to coarse) as long as the 
nozzles are used according to the manufacturers specification.
The grass weeds sprayed in these trials ranged from self sown barley at the end of tillering with large 
flat leaves to ryegrass at the five to six leaf stage with smaller flat leaves, 4 to 5 mm wide.  In none of 
the trials was there a significant difference in grass weed control efficacy due to the nozzle used – as 
long as the water rate was at least 60 L/ha.
KEY WORDS
grass weed, herbicides, nozzles, water rate
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Boom sprayer setups – achieving coarse droplets 
with different operating parameters
Bill Gordon, Bill Gordon Consulting
KEY MESSAGES
Recent changes to 2,4-D product labels have made it necessary for applicators of those products to 
use a coarse to very coarse droplet spectrum according to the ASAE S572 standard. 
Research and grower experience have shown that the coarser droplet spectrums provide efficacy for a
range of products and greatly reduce the potential for drift to occur. 
Operating parameters such as speed, pump type and plumbing capacity greatly influence nozzle 
selection to achieve coarse droplets throughout the range of pressures many machines operate at 
during changes in speed. 
AIMS
To remind applicators about the influence of speed on the operating pressure when using automatic 
rate controllers and to provide information to assist applicators with nozzle selection to maintain the 
required spray quality throughout the entire application.  
METHOD AND RESULTS
The general process for nozzle selection is to find an orifice size that will produce the required flow 
rate (L/ha) at the average (constant) speed likely to be travelled at and match this with the spray 
quality required for the target and mode of action of the product.  When using an automatic rate 
controller it is also critical to determine the minimum and maximum speeds that may be used by the 
applicator and determine the operating pressure that will be achieved at those speeds.  This is 
important so that the spray quality produced does not become too fine or too coarse.  Nozzle selection
must then take into account the range of pressures that will actually be used in the field, then the 
nozzle type should be selected that will produce the desired spray quality across the entire range of 
pressures the machine operates at.
Other factors that will influence the choice of nozzle type will include the pump capacity, litres per 
minute (L/min) and pressure, plumbing capacity and the configuration of the boom 
Nozzle selection for different operating parameters and configurations
Most nozzle manufacturers provide spray quality information in their nozzle catalogues.  However, 
recently there has been some confusion about nozzle selection to achieve coarse or very coarse 
droplets to comply with the new label requirements for 2,4-D products.
Nufarm Australia Limited commissioned independent testing of a range of nozzles according to the 
ASAE standard S572 (the standard referred to in the 2,4-D label changes) and has found that a 
number of agrotop nozzles, particularly the AirMix® and Turbo Drop TD (TDXL were not tested) 
nozzles produce a coarser droplet spectrum that has been indicated in agrotop publications.
It should be noted that the agrotop nozzles are not the only nozzles suitable for applying products 
containing 2,4-D.  Any nozzle that can produce a spray quality not smaller than a coarse or very 
coarse spectrum according to the ASAE standard S572 will be suitable according to the label.  The 
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choice of nozzle suitable for your operations will depend on a number of factors, which have been 
simplified in the following scenarios.
Locate the sprayer configuration that best matches the sprayer setup and operating parameters and 
locate the suggested nozzle types to suit that setup.
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Scenario One 
Automatic rate controller: YES
Range of travel speeds: Wide range of travel speeds:  Greater than 10 kph difference from minimum to 
maximum speed (e.g. 12 kph-25 kph).
Pump type: Diaphragm pump or centrifugal pump capable of 250 L/min or more.
Plumbing capacity: Able to handle up to 10 bar (150 psi) for extended periods and maintain 
agitation.
PREFERRED NOZZLE CHOICE to produce droplets not smaller than a coarse spray quality should 
be a High Pressure Air induction Nozzle. 
Such as the AI TeeJet ®, Hardi INJET, TurboDrop ® TD or equivalent because they maintain spray 
quality over a wide pressure range.  Spray qualities for these nozzles are shown in Tables 1 to 3.
These nozzles should be run at 5 bar pressure or higher to allow them to operate efficiently, so if you 
normally run an 02 orifice, than you should go back to an 015 when using this type of nozzle to 
maintain the required flow rate at the higher pressure.
Table 1. Spray quality for the AI TeeJet® at various operating pressures and orifice 
sizes
AI TeeJet ® 4 Bar 4.5 5 5.5 6 6.5 7 7.5 8
AI 110-015 C C C C C C C C C
AI 110-02 VC C C C C C C C C
AI 110-025 VC VC VC C C C C C C
Table 2. Spray quality for the Hardi INJET® at various operating pressures and orifice sizes
Hardi INJET® 4 Bar 4.5 5 5.5 6 6.5 7 7.5 8
INJET-01 VC VC VC VC C C C C C
INJET-015 VC VC VC VC VC VC VC VC/C C
INJET-02 VC VC VC VC VC VC VC VC VC
INJET-025 VC VC VC VC VC VC VC VC VC
Table 3. Spray quality for the Turbodrop TD at various operating pressures and orifice sizes
Turbodrop TD* 4 Bar 4.5 5 5.5 6 6.5 7 7.5 8
TDCFFC110015 XC XC XC XC XC XC VC VC VC
TDCFFC11002 XC XC XC XC XC XC VC VC VC
* The TurboDrop spray qualities are based on data provided by Nufarm according to the ASAE standard S572.
C = Coarse Spray Quality.  VC = Very Coarse Spray Quality.  XC = Extremely Coarse Spray Quality.
Scenario Two
Automatic rate controller: YES
Range of travel speeds: Range of travel speeds NOT MORE than 10 kph difference from minimum to 
maximum speed (e.g. 16 kph-25 kph).
Pump type: Smaller centrifugal pump.
Plumbing capacity: Struggles past 4 bar or 60 psi.
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
41Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
41
Agribusiness Crop Updates 2006
Agribusiness Crop Updates 2006
PREFERRED NOZZLE CHOICE to produce not smaller than a coarse spray quality:
LOW or MEDIUM Pressure Air induction Nozzles such as:  Hardi ISO MINIDRIFT, Lechler IDK, TTI® 
(Turbo TeeJet® Air Inducted) and agrotop AirMix® (based on Nufarm data), or other nozzles 
capable of producing coarse or very coarse droplets.  Spray qualities for some of these nozzles are 
shown in tables 4-6.
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These nozzles can be run at approximately the same pressure range as a standard flat fan, but the 
bottom end pressure needs to be above 1.5 bar.  With many machine the lower speeds will cause the 
automatic rate controller to drop the pressure below 1.5 bar, so the minimum hold setting (usually by 
total flow or pressure) should be set to prevent the fan angle from collapsing. 
The maximum pressure that each of these nozzles can maintain a coarse spectrum will vary with type 
and orifice size, so the maximum speed allowable to maintain the required spray quality at the 
required application volume (L/Ha) must be considered.
Applicators also need to be aware that many low to medium pressure air induction nozzles which 
claim to produce a 110 degree spray angle are actually below 100 degrees, so boom height may need 
to be adjusted to maintain a double overlap of fan patterns.
Table 4. Spray quality for the Hardi ISO Minidrift® at various operating pressures and 
orifice sizes
Hardi ISO Minidrift® 1.5 Bar 2 2.5 3 3.5 4 4.5 5
MD 110-015 C C C C C/M M M M
MD 110-02 VC C C C C C C/M M
MD 110-025 VC VC C C C C C M
MD 110-03 VC VC VC C C C C C
Table 5. Spray quality for the agrotop AirMix® at various operating pressures and 
orifice sizes
Agrotop AirMix® * 1.5 Bar 2 2.5 3 3.5 4 4.5 5
AM 110-015 VC C C C C C C C
AM 110-02 VC C C C C M M M
AM 110-025 XC VC C C C C C M
AM 110-03 XC VC VC C C C C M
* The agrotop AirMix® spray qualities are based on data provided by Nufarm according to ASAE standard 
S572.
Table 6. Spray quality for the TTI® at various operating pressures and orifice sizes
Teejet TTI® (air induction) 1.5 Bar 2 2.5 3 3.5 4 4.5 5
TTI  110-015 XC XC XC XC XC XC XC XC
TTI  110-02 XC XC XC XC XC XC XC XC
TTI  110-025 XC XC XC XC XC XC XC XC
C = Coarse Spray Quality.  VC = Very Coarse Spray Quality.  XC = Extremely Coarse Spray Quality.
Scenario Three
Automatic rate controller: NOT FITTED – USING MANUAL PRESSURE ONLY.
Pump type: Diaphragm or centrifugal capable of 250 L/min or more.
Plumbing capacity: Able to handle up to 10 bar (150 psi) for extended periods and maintain 
agitation.
PREFERRED NOZZLE CHOICE to produce not smaller than Coarse Spray quality:
High Pressure Air induction Nozzles such as:
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AI TeeJet® Hardi INJET® or TurboDrop® TD because they maintain spray quality over a wide 
pressure range (speed range).  These nozzles should be run at 5 bar pressure or higher to allow them 
to operate efficiently.
Low to medium pressure air induction nozzles may also be suitable in this situation.  
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Scenario Four
Automatic rate controller: NOT FITTED – USING MANUAL PRESSURE ONLY.
Pump type: Smaller centrifugal pump.
Plumbing capacity: Struggles past 4 bar or 60 psi.
NOZZLE CHOICES:  LOW or MEDIUM Pressure Air induction Nozzle or other nozzles that produce a 
coarse or very coarse spectrum such as:  Hardi ISO Minidrift®, Lechler IDK, TeeJet® TTI (Turbo 
Teejet Air inducted) and agrotop AirMix®.  Standard Turbo Teejets at low pressure and many 80 
degree low drift nozzles may also be suitable - please consult the manufacturers charts.
CONCLUSION
Applicators must consider what pressure the machine is operating at throughout the range of speeds 
they are likely to travel at and select a nozzle that can maintain the desired spray quality through out 
that range of speeds.
KEY WORDS
spray quality, coarse droplets, nozzle selection
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Complying with product label requirements
Bill Gordon, Bill Gordon Consulting
KEY MESSAGES
Labels are legal documents and can change over time (such as recent changes to 2,4-D labels).  All 
product labels must be read and understood before opening the drum and adhered to during and after 
spraying takes place to ensure that the operator is not conducting an illegal application.
AIMS
To inform chemical users of changes to labels and to raise awareness of the contents and legal 
implications of many label statements.
METHOD AND RESULTS
A thorough read of a product label may reveal many constraints in the way that products must be 
applied that many users are not aware of.
Recent label changes to products containing 2,4-D amine and ester
Products containing 2,4-D such as Amicide® 625, Surpass®, Estercide® 800 and LV Estercide® 600 
have had additional adhesive labels attached to them outlining changes in how, and under what 
conditions, those products must now be applied.  These changes include the statements:
This is a PHENOXY HERBICIDE that can cause severe damage to susceptible crops such as 
cotton, grapes, tomatoes, oilseed crops and ornamentals.
DO NOT use unless wind speed is more than 3 kilometres per hours and less than 15 
kilometres per hour as measured at the application site.
DO NOT apply with smaller than coarse to very coarse spray droplets according to the ASAE 
S572 definition for standard nozzles.
Other label constraints
It is illegal to use a product in a manner that is contrary to label instructions, which means that you can
not use the product in any way that is not prescribed on the label.
All product labels contain mandatory and advisory statements about how the product is to be used.  
These statements can appear in different sections of the label under various sub headings, and can 
impact on your legal responsibilities when applying a product.
Mandatory statements:
These are label statements that the product user cannot deviate from, generally they are written as 
statements beginning with ‘DO NOT’, such as ‘DO NOT spray plants in flower while bees are foraging’.
They may also include the term ‘MUST’.  Mandatory statements may also refer to things like 
withholding periods, re-grazing intervals, protection of the environment, total amounts of active 
ingredient that may be applied in one season etc. 
Advisory statements: 
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These are statements that are provided to give the user some guidance as to how the application 
should take place.  Often statements about application volume or nozzle type are advisory.  Typically 
they include the terms ‘recommended’ or ‘should’.  Such statements may be open to interpretation by 
the user, and not adhering to an advisory statement will not, in itself, lead to a criminal act.  However, 
not adhering to an advisory statement may not be demonstrating due diligence, which is required as a 
part of common law in a civil action to recover damages or perceived loss.  Following advisory 
statements may also be required by manufacturers if growers seek compensation when product 
performance is in question.
Conflicts on labels - An example from the Glyphosate CT product label
Label Heading APPLICATION INFORMATION
Sub heading:  Boom equipment
‘Application of this product in low spray volumes (25-100 L/ha) is recommended.  Fan nozzle 
equipment is recommended, using pressures in the range 240–280 kPa.  Boom height must be set to 
ensure double overlap of nozzle patterns at the top of the weed canopy.’
Label Heading PROTECTION OF CROPS, NATIVE AND OTHER NON-TARGET PLANTS
Sub heading:  Drift warning
‘DO NOT apply under meteorological conditions or from spraying equipment which could be expected 
to cause spray drift onto nearby susceptible plants, adjacent crops, crop lands or pastures.’
Closer inspection of these two statements reveals that the drift warning is a mandatory statement 
which must be adhered to, whereas the previous statement recommending volumes and pressures is 
an advisory statement. 
It is highly probable that operating many standard fan type nozzles at pressures of 280 kPa could be 
expected to cause spray drift, whereas other nozzle types such as the ‘venturi’ or ‘air inducted’ fan 
nozzles operated at much higher pressures are far less likely to cause spray drift.  One may argue that
following the label recommendation for nozzle and pressure would not be demonstrating due diligence
when more appropriate nozzles are available for reducing the likelihood of spray drift.  It should also 
be noted that when using an automatic rate controller the recommended pressure range of 
240-280 kPa is practically impossible to stay within, since it allows less than a 2 km/h variation in 
speed to maintain a constant  application rate (L/ha).
CONCLUSION
Product labels should always be read before making an application.  Subtle differences may exist 
between the labels, even with products containing similar active ingredients, such as the maximum 
allowable wind speed for application, so the label must be checked.  Applicators must adhere to all 
parts of the label, but caution and common sense should be applied when following advisory 
statements, particularly when an alternative exists which better demonstrates the applicators due 
diligence.  
KEY WORDS
product labels, 2,4-D label, mandatory statements, advisory statements
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IWM a proven performer over 5 years in 33 focus 
paddocks
Peter Newman and Glenn Adam, Department of Agriculture, Geraldton
KEY MESSAGES
The key Integrated Weed Management (IWM) strategies that have been extended over many years 
work well in real life.  
Generally speaking, growers that used a combination of herbicide and IWM achieved improved 
ryegrass control despite high levels of resistance.
Trifluralin was used, on average, every second year.  There is a very high risk of wide spread trifluralin 
resistance developing in Western Australia in the near future.
The monitoring of focus paddocks with grower groups appears to be an effective extension technique 
to improve communication of the practical application of IWM techniques between growers.  
AIMS
To improve communication of IWM practices between growers and to evaluate the effectiveness of 
‘real life’ IWM practices.
METHOD
At the beginning of a five year, GRDC funded project, four small grower groups were formed to 
participate in IWM research and extension.  This project was a systems research project so extension 
methodology and research were equal priorities.  Growers were involved in all stages of research as 
well as paddock monitoring using a participative approach.  
Paddock monitoring took the form of growers nominating a ‘focus paddock’ with a focus weed 
(ryegrass or wild radish in most cases).  Over five years, growers recorded their weed management 
and weeds were counted by technician Glenn Adam each August to determine the number of surviving
weeds.  Where resistant ryegrass was the focus, a seed resistance test was taken in 2001 and again 
in 2004 to measure resistance status and development of resistance through time.  At the completion 
of monitoring over five growing seasons, growers were asked to write a short paragraph describing 
their management of their focus paddock including successes and failures and the reasons why.  
Comments from myself were added and all data was collated into a booklet.
In addition to this information, growers were surveyed in 2001 and again in 2005 to measure changes 
in their farming systems and IWM.
RESULTS
Focus paddock weed numbers
Ryegrass numbers decreased in 67 per cent of the focus paddocks monitored.  Ryegrass numbers 
increased in one paddock (i.e. 3%) and stayed about the same for 30 per cent of the paddocks 
monitored.
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Average surviving ryegrass in August across 33 
focus paddocks over 5 growing seasons
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Figure 1. Average surviving ryegrass numbers across 33 focus paddocks counted each August.
On average, ryegrass numbers decreased in the 33 focus paddocks over five years of monitoring.  
Ryegrass numbers appear to have levelled off in the last two years of monitoring.
Grower attitudes
When asked in 2005 how they would deal with a paddock that was over run with resistant ryegrass 
and wild radish, approximately one third of growers said they would take a high tech, continuous crop 
approach.  The other two thirds indicated that they would revert to phase farming with IWM.  This 
response gives a clear indication that IWM extension must focus on both growers who are willing to 
extend their rotation and those who are not.  A lot of past IWM extension has focused only on the 
growers who are willing to change from continuous cropping to phase farming.  This has ignored a 
large number of growers who are intent on persevering with a continuous cropping regime despite 
high levels of resistant weeds.
Herbicide resistance testing
Ryegrass samples were taken from 29 focus paddocks in 2001 and kept in cool storage to maintain 
seed viability.  These paddocks were sampled again at harvest 2004 and all samples were sent to the 
Farrer centre, Charles Sturt University for testing along side each other.  These results were reported 
back to growers to enable them to monitor their resistance development.
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Proportion of populations with Hoegrass resistant 
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All of the 29 paddocks sampled were resistant to Glean in both 2001 and 2004.  All of the paddocks 
were completely susceptible to atrazine in 2001 and 2004.  There were no cases where a population 
tested resistant to a herbicide in 2001 and then susceptible in 2004.  Generally speaking there was 
little development in resistance status of individual paddocks between 2001 and 2004.  This may 
appear to be contrary to the WAHRI survey that demonstrated a significant increase in resistance over
a similar time frame.  However, it must be remembered that this is not a random resistance survey.  
Rather, growers have chosen to monitor problem paddocks so high levels of resistance were 
expected.  Most paddocks demonstrated high levels of resistance to diclofop and SU’s in 2001 which 
was still the case in 2004.
CONCLUSION
The results from these paddocks can give growers, researchers and agribusiness confidence that 
IWM works in real life situations.  Extensive research over the years has indicated that this would be 
the case and it is heartening to know that growers have adopted many IWM techniques with success.  
The following is a summary of some of the major findings/observations of the monitoring of these 
focus paddocks.
Extension methodology
As an extension technique to improve communication and manage change, these focus paddocks 
appear to be a success.  This will be measured with future evaluation.  Detailed case studies such as 
these are extremely time consuming and take several years of monitoring before any results are 
achieved.  Focus paddocks using participative extension techniques will be used into the future with 
some fine tuning to improve the efficiency of collecting and reporting information.  In general, the level 
of paddock monitoring used in this project is far superior to ‘gut feel’ for how a practice is working and 
gives growers feed back on whether their strategies are achieving the desired outcome.
Herbicide resistance testing
This project has given me confidence in the use of herbicide resistance testing using seed sampling.  
The results were extremely consistent from 2001 to 2004.  There were no cases of weeds testing as 
resistant in 2001 and then susceptible in 2004.  In some cases ryegrass appeared to have slightly 
higher (i.e. 5% to 20%) levels of resistance in 2001 than in 2004.  Resistance tests should not be 
taken literally in terms of per cent control due to sampling error.  They should be used to determine 
long term herbicide and IWM strategies based on current resistance status.  Resistance tests used in 
these focus paddocks are useful for this purpose. 
Hi tech/high input growers
The survey revealed that a proportion (about one third) of growers intend to persevere with continuous
cropping pinning their hopes on a range of new technologies and using high levels of inputs (e.g. more
herbicide) even if faced with a seemingly impossible scenario of high numbers of resistant ryegrass 
and wild radish.  Future research and extension should aim to provided options for these growers as 
well as the growers that intend to revert to phase farming.
Trifluralin use
Trifluralin is being over used by many growers which will lead to widespread resistance to this 
herbicide.  On average, trifluralin was used every second year in these focus paddocks and many 
growers have applied trifluralin every year.  This has had a major impact on ryegrass populations.  On 
the positive side, many growers are matching this high trifluralin use with other IWM techniques that 
will reduce the risk of resistance developing in these paddocks.
Windrow burning
The harvest management of weeds has been adopted in large areas in WA over the past five years.  
One survey in 2005 (i.e. relating to 2004 harvest) indicated that 50 per cent of growers are burning 
windrows to destroy weed seeds.  This number is likely to be higher now.  This indicates that many 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
53
Agribusiness Crop Updates 2006
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
54
Agribusiness Crop Updates 2006
growers are now looking to target weed seeds at harvest which represents a new window of 
opportunity that has been overlooked until now.  Mechanical innovations that destroy weed seeds that 
do away with the need to burn are likely to further enhance this.
Crop topping
Crop topping of lupins to reduce seed set of annual ryegrass is rated by growers as one of the most 
important IWM techniques.  Many growers commented that they feel that crop topping was beneficial 
to the cropping rotation even where they feel that they did not crop top at the ideal timing.  Crop 
topping represents a type of double knock where it is applied after the use of selective herbicides as 
well as reducing ryegrass numbers.
Pasture rotation
Rotating to pasture/livestock is generally not popular with growers who have herbicide resistance 
problems as they make the majority of their income from cropping.  However, many of the case studies
showed the benefits that even one year of pasture has to the farming system.  Several growers 
commented that they experience improved crop yields where they included pasture in their farming 
system due to nutrition and disease implications.  The survey showed that growers are now more 
inclined to grow volunteer pasture rather than improved legume pasture.  The reason for this is often 
due to the need to spraytop/hay freeze a paddock early (e.g. August) to control weeds which is not 
compatible with many legume pastures.
Wild radish success stories
Several growers commented that a combination of pasture in the rotation with weed seed removal at 
harvest led to reduced wild radish numbers.  While this is purely anecdotal, it is encouraging 
nonetheless.  Future focus paddocks will be designed to monitor wild radish.
Summary
In general, growers who relied entirely on trifluralin for ryegrass control in a continuous cropping 
situation managed to maintain ryegrass numbers, however, they were unable to erode a ryegrass 
seed bank.  The likely reason for this is that trifluralin gives 70 per cent to 90 per cent ryegrass control 
at best with current cropping/tillage systems.  Therefore, the seed bank is maintained placing more 
selection pressure on trifluralin.  Growers that added IWM techniques such as a pasture phase, crop 
topping and windrow burning (or chaff cart) generally managed to erode a ryegrass seed bank, thus 
reducing weed competition with the crop and reducing the selection pressure placed on trifluralin and 
other herbicides.  This strategy is not new but the results of these case studies confirms that it works.
KEY WORDS
annual ryegrass, systems research, focus paddock, herbicide resistance
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Crop topping of wild radish in lupins and barley, how
long is a piece of string?
Peter Newman and Glenn Adam, Department of Agriculture, Geraldton
KEY MESSAGES
The level of seed set control of wild radish that can be achieved by crop topping depends on the 
herbicide and pod stage of the wild radish at the time of spraying.  Pod stage is determined by factors 
such as when the wild radish germinated, the level of crop competition, and how the season finishes.
In the order of 50 per cent to 80 per cent wild radish seed set control is achievable with crop topping.
AIMS
To evaluate the effect on wild radish pod set as a result of crop topping lupins with non-selective 
herbicides or crop topping barley with selective and non-selective herbicides.
METHOD
Property Aiden Obst, West Mingenew Peter Freeman, Tenindewa
Soil type Yellow sand Yellow sand
Spraying date 25 October 2005
(90% lupin leaf drop)
21 September 2005
(soft to firm dough of barley)
Harvest date 21 November 2005 9 November 2005
Crop Wonga lupins Baudin barley
Two trial sites were chosen that had a moderate infestation of wild radish in September/October.  This 
was necessary so that individual wild radish plants could be sampled with no overlap from 
neighbouring plants.  Treatments were applied through a spray rig in 70 L water/ha, 02 nozzles, 2 bar 
pressure, boom height set 50 cm above average wild radish canopy height (i.e. approximately 1.2 m 
from ground).  One to two days before harvest (i.e. 4 to 6 weeks after spraying) two wild radish plants 
per plot were removed and individually bagged.  At the lupin site a few wild radish pods had shed and 
were clearly visible.  These were removed from the ground by hand and bagged with plants.  Plots 
were then harvested with a plot harvester.  In the laboratory wild radish pods were removed from 
plants and individual pod segments were counted.  Wild radish and barley seed viability testing is 
currently under way.
RESULTS
These are preliminary results only.  Wild radish and barley seed viability test results will complete the 
measurements.  
Lupin trial - Obst
There appeared to be a trend of slightly reduced lupin yield (6% on average) from all spray treatments,
however, this was not significant (p > 0.05).  There also appeared to be a trend of Gramoxone® or 
Reglone® treatments reducing wild radish pod set, however, this was not significant (p > 0.05)  
At harvest, all radish sprayed with crop topping treatments were desiccated (i.e. brown) compared to 
nil plots and surrounding paddock where many radish plants were still green.  There was no significant
rain between spraying and harvest.
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Lupin yield and radish pod segments for a range of crop topping treatments - Obst
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Figure 1. Lupin yield and wild radish pod segments per plant for a range of crop topping treatments at 
Mingenew (Obst).
Barley trial - Freeman
There was no significant difference in barley yield between herbicide treatments.  Spray.Seed® and 
Reglone® treatments increased screenings and reducing hectolitre weight (p < 0.05).  Logran®, 2,4-D 
Ester, Reglone® and Spray.Seed® treatments reduced pod segment numbers by 70 per cent to 83 per
cent however this result was not significant (p > 0.05).
Wild radish pod segments and barley yield for a range of selective spray 
topping treatments
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Figure 2. Barley yield and wild radish pod segment counts after spraying with a number of selective 
and non-selective herbicides at Tenindewa (Freeman).
CONCLUSION
Q.  What effect does crop topping have on wild radish seed set?  A.  How long is a piece of string! 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
57
Agribusiness Crop Updates 2006
The effect of crop topping on wild radish depends on the stage of pod development at which the wild 
radish is sprayed and the herbicide that is used.
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Lupin trial
Based on the preliminary pod segment data, statistically there was no effect of herbicide on radish pod
set.  The trend in the data suggests that radish pod set was reduced by 55 per cent to 80 per cent for 
Reglone® and Gramoxone® treatments.  This is consistent with previous research.  At the time of 
spraying of the lupin trial (25 October), most radish plants had a few viable pods on the main stem.  
However, some plants had no viable pods and others were loaded with pods.  There was no rainfall 
between spraying and harvest so wild radish plants that were sprayed were brown and did not recover.
Unsprayed radish plants were green at harvest.  This lupin crop was a bulky, high yielding Wonga 
lupin (i.e. long season variety) crop that held on with cool growing conditions and late rain.  These 
conditions delayed crop maturity and hence the timing of crop topping.  Crop topping wild radish and 
annual ryegrass is often more effective for a short season lupin variety with a dry finish to the season.
There was little effect of herbicide on lupin yield.  Several years of research and experience has led us
to the point where we can accurately time the spraying of crop topping with minimal (5% to 10%) effect
on lupin yield.  Gramoxone® and Reglone® are both registered for use in lupins.  
Barley trial
Selective spray topping involves using selective herbicides to prevent weed seed set.  In this trial a 
number of selective and non-selective herbicides were sprayed at the soft to firm dough stage of the 
barley crop.  At this time wild radish plants were flowering and actively growing due to a mild finish to 
the season.  Some wild radish plants had viable pods.  Logran®, 2,4-D Ester, Reglone® and 
Spray.Seed® treatments reduced pod segment numbers by 70 per cent to 83 per cent.  This result 
was not significant (p > 0.05), however, large variation in pod set between wild radish plants is 
common with this type of research.  This effect has been documented for these herbicides in past 
research.  Logran® and 2,4-D herbicides are of little value for the purpose of selective spray-topping 
due to the high levels of resistance to these herbicides in the Northern Agricultural Region of WA.  
There was little effect of the other herbicide treatments on radish pod set in this trial.  
The effect of Reglone® and Spray.Seed® on barley grain quality indicates that these treatments were 
applied slightly too early in terms of crop stage.  Reglone® is registered for use at full crop maturity.  
Spray.Seed® is not registered for use in barley.
Wild radish pod stage at crop topping will be determined by the age of the wild radish plant, crop 
competition, and weather conditions at the end of the growing season.  Plants that are late 
germinating or were severely affected by herbicide before recovering are less likely to have viable 
pods at crop topping time.  Wild radish growing amongst a highly competitive crop are likely to be 
slower developing and hence later to establish viable pods.  Cool, moist conditions at the end of the 
growing season delays crop development and hence delays crop topping.  Therefore, wild radish are 
more likely to have significant numbers of viable pods at this time.
Dr Aik Cheam has done an excellent job of defining wild radish pod stages.  Generally speaking, if a 
dark green embryo can be found in the middle of a wild radish seed then it is viable and spraying will 
have no effect on the viability of this seed.  When crop topping to target wild radish, pod stage should 
be checked to determine the proportion of pods that are viable.
KEY WORDS
crop top, lupin, barley, wild radish
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Determining the right timing to maximise seed set 
control of wild radish
Aik Cheam and Siew Lee, Department of Agriculture, South Perth
KEY MESSAGES
● The most critical stage to control seed set of wild radish is before the formation of embryo in the 
developing seed.
● The pre-embryo stage corresponds with stages 1 and 2 of wild radish development based on a 
new rating system developed.
● Up to 100 per cent seed set control has been achieved at the early pre-embryo stages.
BACKGROUND AND AIMS
In Western Australia, wild radish is currently being studied intensively because of its increasing 
herbicide resistance problem.  As the number of viable herbicide options diminish, there is a growing 
interest to control its seed production to prevent the return of viable seeds to the seedbank.  Seed set 
control of wild radish is critical if growers are to maintain crop production in areas now infested with 
resistant wild radish.  Any build up of the seedbank after resistance has occurred will be a major 
obstacle to various management tactics.  In areas where resistance is not yet evident, seedbanks that 
are well managed via effective seed set control will help to delay the build up of resistance.  The lower 
the density of wild radish plants at spraying, the lower is the selection for herbicide resistance.  
However, present attempts to maximise seed set control of wild radish at its early reproductive stages 
of development are very unsatisfactory.  The aim of this research was to identify the optimum stage of 
wild radish development to control seed set and consequently to develop a robust rating system to 
allow growers the ability to decide when control tactics should be applied for best seed set control.
RESULTS
The best criterion to use for determining the optimum timing to apply the various seed set control 
measures has been identified by studying wild radish plants of different growth stages growing in the 
field to determine their viable seed production.  The most critical stage to control seed set of wild 
radish is before the formation of embryo in the developing seed when maximum seed set control is 
achievable.  The presence or absence of embryo can be easily determined in the field by breaking up 
the pods of wild radish between the nails of the thumb and forefinger to expose the developing seed.  
The window of opportunity for applying seed set control measures was found to be favourable, based 
on the monitoring of embryo development in tagged wild radish flowers.  The pre-embryo stage lasted 
about one month from the time of first flower and when control measures such as mechanical slashing
or a desiccant herbicide was imposed to target this critical stage.
Results of this work have allowed the development of a new rating system to describe the maturation 
of wild radish seed based on embryo development.  This rating system, based on four growth stages, 
is the key to the identification of the optimum timing of seed set control in wild radish.
Table 1 describes the new rating system while Tables 2 and 3 show the results obtained when using 
this system to control seed production of wild radish.  Up to 100 per cent seed set control can be 
achieved at the pre-embryo stages.  Unfortunately, this stage is quite early relative to crop 
development and significant yield losses could occur when desiccant herbicides are applied as a crop-
topping treatment.
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Table 1. The four stages of wild radish development
Development stage Description of wild radish Time from first flowering
Stage 1 Early flowering and pod development; newly
formed thin pods.  Ideal time for blanket 
wiping or slashing but not crop-topping 
because of crop damage.
The pre-embryo stage lasts about 21 days 
from the time of first wild radish flower.
Stage 2 Mid-flowering and pod fill; well-formed pods 
are still squashy and watery when pressed 
between the finger and thumb.  Seed 
development at ovule stage with no embryo.
Critical time
Stage 3 Embryo formed; pods still squashy and 
watery but newly-formed embryo already 
present.
Embryo forms about 21 days after wild 
radish flowers.
Stage 4 Late flowering and pod development; pods 
turned woody.  Green well-developed 
embryos present when pods are crushed.
Table 2. Impact of slashing on seed production of wild radish
Wild radish
growth stage
Viable seed production (%)
Site 1 Site 2
1 0 0
2 4.9 4.0
3 63.3 75.1
4 92.5 89.1
Table 3. Impact of desiccant herbicides applied by blanket wiping on seed production 
of wild radish
Herbicide
Viable seed production (%)
Pre-embryo
(Stage 2)
Post-embryo
(Stages 3 and 4)
Gramoxone 250 (800 mL/ha) 5.8 88.6
Roundup CT (1 L/ha) 2.8 67.0
CONCLUSION
The presence or absence of the embryo is a robust criterion for determining seed set control timing in 
wild radish.
Based on embryo development, this new rating system has been found to be a highly valuable tool to 
growers in facilitating decisions where timing of control measures is critical in the seed set 
management of wild radish.
KEY WORDS
wild radish, seed set control 
ACKNOWLEDGMENTS
Thanks to Ruben Vargas and Zulkifli for technical assistance.
Paper reviewed by: John Peirce
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
62
Agribusiness Crop Updates 2006
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
63
Agribusiness Crop Updates 2006
Why weed wiping varies in success rates in 
broadacre crops?
Aik Cheam1, Katherine Hollaway2, Siew Lee1, Brad Rayner1 and John Peirce1
1Department of Agriculture, Western Australia, 2Department of Primary Industries, 
Victoria
KEY MESSAGES
● Herbicide types, the species of weeds and crops involved, the weed density encountered, the 
type of wiper used, the timing of herbicide application, and even operator skill, all have a 
significant part in determining the success rate of the wiping treatment.
● A Victorian survey on weed wiping showed a wide variation in success rate, ranging from 36 to 
100 per cent, when the technique was used for controlling seed set of muskweed (Myagrum 
perfoliatum).
● Translocated herbicides generally provide more thorough control than contact herbicides and in 
wild radish the ideal time to control seed set is before formation of the embryo in the developing 
seed.
● Crop damage from weed wiping is inevitable when wiping wild radish in a lupin crop even where
there is a significant height difference between weed and crop.
● Growers must be prepared to accept some yield losses when using weed wiping as a technique
for controlling seed set of weeds in broadacre crops.
BACKGROUND AND AIMS
The principle of weed wiping is not new.  Herbicide-impregnated wipers have been in use for many 
years to control tall weeds which grow above the crop and pasture.  The technique is now in common 
use in Victoria, especially in the Wimmera region where weed wiping technology is particularly suited 
to controlling tall weeds emerging above the canopy of low growing pulse crops, such as lentils.  In 
Western Australia, some farmers have shown interest in this technique in recent years.
When assessing the success rate of weed wiping in broadacre crops, one must not consider just the 
effectiveness of the technique in reducing weed seed set but also any crop damage that may result as 
a consequence of the wiping operation.
As part of the Weeds CRC project on seed set management of cruciferous weeds, a survey on weed 
wiping was carried out in Victoria in 2003.  One of the aims of this survey was to determine the 
effectiveness of this technique and to identify any drawbacks encountered so that growers can be 
informed what to expect when using weed wipers.  In addition to this survey, field experiments were 
carried out in Western Australia to assess the effectiveness of blanket wiping on seed set control of 
wild radish in lupin.
RESULTS OF VICTORIAN SURVEY
Herbicides
Translocated herbicides have been found to be better than contact herbicides.  Translocated 
herbicides can travel down the plant and control more than just the branches contacted by the 
herbicide.  With the contact herbicides it was common to find plants with some branches controlled, 
while other branches remained healthy with perfectly formed seeds, particularly branches emerging 
from below the wiping zone.  Also, plants controlled with a contact herbicide tend to resprout from 
below the damaged section.
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Coverage
Many weeds are difficult to wipe herbicide onto properly.  Annual ryegrass is relatively easy, but 
muskweed and wild radish both have a strongly branched structure that minimises contact with the 
wiper.  For these weeds, best results were achieved by wiping in both directions.
Sow thistle is another common weed of pulses in Victoria which can be hard to control because it 
produces thick branched plants that minimise the area that can be wiped.  Furthermore, it can set 
seed even if completely killed while flowering.  With muskweed and wild radish, coverage is generally 
good on isolated plants before the formation of too many side branches, but is poorer in thick stands.
Success rates
For each herbicide brew, there is a range of success rates with muskweed in lentil, depending on the 
operator (Table 1).  The survey results showed between 36 to nearly 100 per cent kill of the muskweed
plant.  Each operator has variable success in different situations.  Operator skills, timing of application,
machine type and other factors are probably responsible for the inconsistent results.
Table 1. Summary of paddocks surveyed with treatments applied and survey results
Paddock
No. Species Herbicide brew Wiper type
% Killed in 
paddock
samples1
% Mature2
1. Muskweed Gly-eclipse Smucker 99% 1%
2. Muskweed Gly-eclipse Foam 36% 40%
3. Mustard Gly-eclipse Foam 89% 3%
4. Muskweed Gly-spike Soaker 88% 8%
5. Muskweed Gly-spike Soaker 64% 19%
6. Muskweed Gly-spike Soaker 38% 30%
7. Muskweed Gly-spike Soaker 60% 16%
8. Muskweed Gly-spike Soaker 70% 9%
9. Muskweed Gly-spike Soaker 44% 16%
10. Muskweed Gly-paraq Wick 99.5% 1%
11. Muskweed Gly-paraq Smucker 57% 9%
12. Muskweed Gly-paraq Smucker 44% 28%
13. Muskweed Gly-only Soaker 91% 8%
14. Turnip Gly-only Soaker 42% 78%
15. Muskweed Gly-only Soaker 55% 11%
1 Per cent killed is a visual estimate of the proportion of the plant which was controlled.
2 Per cent mature is a count of the number of seeds (out of total extracted from the plant) which were deemed 
to have reached maturity and viable.
Gly-spike = glyphosate + sprayseed spikes.
Crop damage
Crop damage is a significant issue.  Dripping is a particular problem with wipers when the herbicide 
flow is not carefully controlled.  Also, when the wiper passes over weeds it pushes them over into 
contact with the pulse crop.  This can lead to herbicide contacting the crop, or in thick stands there is 
an increased likelihood of herbicide dripping off the weeds onto the crop.  Wiping equipment varies 
and each operator must find the best speed and flow rate to maximise performance.
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RESULTS OF WEED WIPING WORK IN WA
Effectiveness
Timing of blanket wiping in relation to the growth stage of wild radish is most critical.  Wild radish 
development stages 1 and 2 (the pre-embryo stages) are the two most effective timings to control 
seed set (Table 2).
Table 2. Stages of wild radish development
Development stage Description of wild radish Time from first flowering
Stage 1 Early flowering and pod development; newly
formed thin pods.  Ideal time for blanket 
wiping.
The pre-embryo stage lasts about 21 days 
from the time of first wild radish flower.
Stage 2 Mid-flowering and pod fill; well-formed pods 
are still squashy and watery when pressed 
between the finger and thumb.  Seed 
development at ovule stage with no embryo 
– green fleshy interior.  Squeeze between 
fingers to obtain a globule of seed – mass 
of cells, no embryo.  Growers can carry out 
this procedure in the paddock.
Critical time
Stage 3 Embryo formed; pods still squashy and 
watery but newly-formed embryo already 
present.
Embryo forms about 21 days after wild 
radish flowers.
Stage 4 Late flowering and pod development; pods 
turned woody.  Green well-developed 
embryos present when pods are crushed.
At stage 1, 100 per cent seed set control was obtained with either Gramoxone or Roundup, following a
good coverage of the chemicals.  At stage 2, seed set control ranged from 72 to 89 per cent.  The later
the growth stage of wild radish at the time of blanket wiping, the poorer was the seed set control.  At 
stages 3 and 4, only up to 50 per cent and 20 per cent seed set control respectively, were achieved 
(Table 3).  The window of opportunity for herbicide application up till stage 2 was about 1 month from 
the time of first flower.
Table 3. Per cent seed set control of wild radish at four timings of blanket wiping
Herbicide Stage 1 Stage 2 Stage 3 Stage 4
Gramoxone 800 mL 100 72.0 50.0 19.1
Gramoxone 4 L 100 83.6 37.3 20.1
Roundup 1 L 100 88.7 38.0 16.2
Roundup 5 L 100 84.2 40.3 19.7
lsd (p = 0.05):  Herbicide x time = 3.3
In a separate study using translocated herbicide mixtures to blanket wipe wild radish at post-embryo 
stages 3 and 4, a high percentage of the embryo was found to be killed.  The viable seed reduction 
ranged from 58.3 to 95.7 per cent; with Roundup + Glean being the most effective mixture.  Other 
mixtures like Reglone + Glean, SpraySeed + Glean, Roundup + Eclipse and Glean + 2,4-D amine all 
resulted in over 85 per cent seed set control (Table 4).
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Table 4. Wild radish viable seed production per plant and viable seed reduction as percentage of 
control following blanket wiping wild radish at post-embryo stage.  Assessment of crop 
damage was based on visual rating.
Treatment Viable seedper plant
% Viable seed
reduction Crop damage
Roundup CT 1 L + Glean 10 g 53 95.7 1
Glean 20 g + 2, 4-D amine 1 L 148 88.1 1
Roundup CT 1 L + Eclipse 10 g 153 87.7 1
SpraySeed 1 L + Glean 10 g 175 85.9 1
Reglone 1 L + Glean 10 g 182 85.3 1
Amitrol T 5.6 L 302 75.6 1
Roundup Max + SpraySeed + H2O (1:1:6) 312 74.8 3
Roundup CT 0.5 L +2, 4-D ester 0.5 L 372 70.0 2
Buctril MA 1.5 L 516 58.3 2
Control untreated 1238 0 0
Visual rating
0 = No effect.
1 = Slight effect (< 10%).
2 = Moderate (10-20%).
3 = Severe (> 20%).
Drawbacks with wiping
There are drawbacks with wiping wild radish in lupin crop.  One significant drawback is in relation to 
the biology of the weed.  Wild radish has staggered germination which allows some plants to set seed 
below crop height.  In two populations of wild radish, we found 10–26 per cent of the wild radish plants
could escape from the blanket wiping treatment.
Crop damage is still an issue.  When the blanket wiper was raised 10 cm above the crop, 44 per cent 
of the lupin crop were touched and scorched to various extent by the herbicide, compared to 11 per 
cent when the wiper was raised 20 cm above the crop.  The currently recommended height of the 
wiper above the crop is at least 10 cm above the crop canopy and the height difference between weed
and crop is 20 cm to 30 cm.  In spite of this, on average, yield loss of 10 to 20 per cent is expected 
and growers must be willing to sacrifice some yield loss when using this technique to control seed set 
of wild radish.
CONCLUSION
The success rate of weed wiping is quite variable and is a function of several factors.  These factors 
include weed and crop types, height difference between weed and crop, weed density, types of 
machine, the herbicide used, timing of the herbicide application, operator skills and so on.  Despite this
variability, blanket wiping still has a place in the integrated management of weeds, especially when 
there is a vast difference in height between weeds and crops.
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Are WA growers successfully managing herbicide 
resistant annual ryegrass?
Rick Llewellynabc, Frank D’Emdena, Mechelle Owenb and Stephen Powlesb
aCRC Australian Weed Management, School of Agricultural and Resource Economics, University of 
Western Australia; bWA Herbicide Resistance Initiative, University of Western Australia.  cCurrent 
address:  CSIRO Sustainable Ecosystems
KEY MESSAGES
· The density of annual ryegrass in Western Australian cropping paddocks is generally not higher 
if the population is herbicide resistant.
· Weed research and extension that assumes herbicide resistant ryegrass populations will be 
allowed to continue at very high densities and cause ongoing high crop yield losses is unlikely to
reflect the common grower approach to managing ryegrass resistance.
AIMS
The costs incurred as a result of herbicide resistance can include the use of more costly weed 
management practices and/or reduced crop yield due to higher weed densities.  The objective of this 
study was to test whether herbicide resistance in annual ryegrass (Lolium rigidum) has led to greater 
population densities of this weed in cropping paddocks.  In doing so, we examine the extent to which 
the costs of the most common form(s) of herbicide resistance in WA cropping paddocks can be 
attributed to higher weed densities affecting crop yield; or whether growers have maintained control of 
resistant weed populations.  
METHODS
In-crop paddocks were randomly visited at crop maturity (pre-harvest) across eight agronomic areas of
the Western Australian wheatbelt in 1998.  A larger survey was conducted in 2003 in which a further 
seven agronomic regions were visited, with samples collected from all agricultural zones apart from 
the very high rainfall region as defined by the Department of Agriculture crop variety testing (CVT) 
zones.  At least 30 fields were randomly selected from each agronomic area by traveling 5 km and 
surveying an area of the nearest in-crop paddocks.  Over the two seasons a total of 767 paddocks 
were visited including 523 wheat crops.  Annual ryegrass density was visually assessed based on the 
scale shown in Table 1 and seed samples collected.
Due to the relatively low number of observations from crops other than wheat, to facilitate statistical 
analysis, only data from wheat crops was used in the analysis.  A total of 442 populations were grown 
and tested for herbicide resistance in 1999 and 2004.  These samples were tested for resistance to 
two high resistance risk mode of action herbicides; ACCase resistance was tested using 
recommended rates of diclofop-methyl (fop) and clethodim (dim) and ALS resistance was tested using 
the sulfonylurea (SU) herbicides sulfometuron and chlorsulfuron.  A resistance score based on the 
sum of diclofop-methyl, clethodim and SU resistance status was calculated using scores of 2 for each 
’Resistant’ classification (> 20% survivors), 1 for each ‘Developing Resistance’ classification (1-20% 
survivors) and 0 for each ‘Susceptible’ classification.  The score was used as an indicator of the level 
of multiple resistance (i.e. resistance to more than one herbicide mode of action) amongst populations.
Chi-square tests were conducted to test for association between individual and multiple herbicide 
resistance status and density.  Together with resistance classification, latitude zone, rainfall zone (from
CVT agronomic zone map) and year of sampling were used in ordered logit regression analyses to 
test association with ryegrass density.  
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RESULTS
Ryegrass was found in 91 per cent of the 523 wheat crops sampled.  The most common ryegrass 
density was low (< 1 plants/m2) and the median was 1-10 plants/m2.  Nineteen per cent of paddocks 
had high (> 10 plants/m2) or very high densities where ryegrass was visually suppressing the crop.  
The most common density at the end of the season in both populations resistant and susceptible to 
major ALS and ACCase-inhibiting herbicides was < 1/m2.  Multiple resistance was observed in 40 per 
cent of populations.  Five per cent of the populations tested were resistant to both the SU’s and 
diclofop and showed signs of developing clethodim resistance.  A comparison of resistance testing 
results for all weeds between the two years of surveying can be found in Owen et al. (2005).
Chi-squared tests indicated that SU, clethodim and diclofop resistance status and the combined 
resistance score (results not shown here) were independent of the visually observed paddock density 
(Table 1).  For example, from Table 1; 38 per cent of the 153 fop susceptible populations and 40 per 
cent of the 149 fop resistant populations were present at < 1 plant/m².  Regression analyses also 
showed no significant association between resistance classification and density.  However, a 
significant but minor positive association between high percentages of fop resistant plants in the 
population and the likelihood of a higher density classification is worth noting (regression results not 
shown).  Clethodim resistance remains relatively rare so it should also be noted that the relationship of
this indicator of potentially more serious form of resistance with density cannot be fully tested.
Table 1. Density of susceptible (S), developing resistance (DR) and resistant (R) ryegrass populations 
in wheat crops (% of populations tested)
    < 1 plant/m² 1–10 plants/m² > 10 plants/m² > 10/m² (ryegrassdominant)
SUA
S (n = 39) 28 49 15 8
DR (n = 83) 46 33 18 4
R (n = 310) 45 34 17 5
FOPB
S (n = 153) 38 38 19 5
DR (n = 140) 56 29 11 3
R (n = 149) 40 34 20 5
DIMC
S (n = 415) 45 34 17 4
DR (n = 26) 35 35 15 15
R (n = 1) 0 100 0 0
A Chi-square statistic = 5.8, 6 d.f., P = 0.45 B Chi-square statistic = 12.2, 6 d.f., p = 0.06, Kendall’s tau.
B Chi-square statistic = -0.01* indicating negative relationship between density and resistance status).  
C Chi-square statistic = 9.8, 6 d.f., p = 0.11, Kendall’s tau-b = 0.07. 
CONCLUSIONS
A majority of Western Australian cropping paddocks now has a ryegrass population that cannot be 
effectively controlled by major ALS and/or ACCase-inhibiting herbicides.  However, so far, the density 
of ryegrass in wheat crops is generally not higher in herbicide resistant populations.  Mature in-crop 
ryegrass populations are most commonly at low densities.  At least for the most common forms of 
resistance in ryegrass, growers generally do not choose to incur the cost of yield losses in major crops
caused by ongoing higher weed numbers once herbicides begin to fail.  Instead, the main response to 
resistance is likely to involve the shift away from the previously preferred crop-herbicide option to 
alternative herbicides, IWM practices and possibly rotations that allow in-crop ryegrass densities to be 
maintained at low levels.  Field research, modelling and extension that assumes ongoing high weed 
densities as a result of herbicide resistance development is not likely to represent the management 
approach typically taken by growers.
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Do herbicide resistant wild radish populations look 
different?
Michael Walsh, Western Australian Herbicide Resistance Initiative, University of 
Western Australia
KEY MESSAGES 
· Phenoxy resistant wild radish populations can not be distinguished from susceptible populations
in the absence of selection with a phenoxy herbicide.
· There were no differences in flower colour or consistent differences in plant growth that would 
allow the visual identification of phenoxy resistant from phenoxy susceptible wild radish plants.
AIMS
Biotypes of phenoxy herbicide resistant and susceptible wild radish populations were grown under the 
same environment at UWA during the 2005 growing season.  Parameters of flower colour, biomass, 
and seed production were measured in an attempt to identify if any of these were distinguishing 
characteristics of phenoxy resistant populations
METHODS
Ten wild radish populations were grown in a common environment outdoors at UWA during the 2005 
growing season (May-Nov.).  Two populations (WARR 7 and WARR 25) are known susceptible 
populations while the remaining eight populations are all confirmed to have resistance to phenoxy 
herbicides.  Seed of the resistant populations were collected from 2004 grown plants that had survived
2.0 L/ha of 2,4-D amine applied at the 2 leaf stage.  30 seed of each population were planted into each
of three foam boxes (replicates) filled with potting mix.  Once established, seedlings were thinned to 
10 per box.  Biomass measurements were determined at the 4-leaf stage by cutting at ground level 
five plants from each box which were then oven dried for 48 h at 7˚C before weighing.  When all plants
in each box had commenced flowering, flower colour was noted and three plants were removed from 
each box for the determination of biomass.  At maturity the remaining two plants were harvested by 
cutting off at ground level, drying and weighing.  Pods were collected from each plant and were 
combined with the pods that were shed at harvest.  Total pod segment numbers were determined for 
each plant and the total seed production was calculated by excising a random sample of 100 pod 
segments from a randomly collected sample from each box.
RESULTS
Observations of wild radish flower colours determined that that there was no distinct colour patterns for
phenoxy resistant and susceptible populations.  All 10 populations contained plants with white flowers, 
8 of these populations also had yellow flowering plants and 4 populations also contained purple 
flowering plants.  The susceptible populations (WARR 7 and WARR 25) had white, yellow and purple 
flowering plants, however, the phenoxy resistant WARR 13 and WARR 14 populations also contained 
plants that produced these flower colours.  The type and frequency of flower colours varied markedly 
between phenoxy resistant populations.  The frequency of white flowers varied from 100 to 40 per cent
while yellow flower frequencies ranged from 0 to 53 per cent.  These results indicate that in the 
absence of phenoxy herbicide application it would not be possible to conclusively visually identify 
phenoxy resistant wild radish plants or populations in the field.  
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Table 1. Type and frequency of flower colour of phenoxy herbicide susceptible and resistant wild 
radish populations
Population
Colour frequency
White Yellow Purple
                                             -(%)                                            -
WARR 7 33 40 27
WARR 25 80 7 13
WARR 5 64 36 0
WARR 6 80 20 0
WARR 11 47 53 0
WARR 12 100 0 0
WARR 13 40 53 7
WARR 14 85 8 7
WARR 19 100 0 0
WARR 20 73 27 0
The high level of genetic variability within phenoxy resistant and susceptible wild radish populations 
prevents any clear distinctions being made between populations on the basis of biomass or seed 
production.  The only difference in biomass levels between populations occurred at the 4–leaf stage 
when the susceptible WARR 7 population produced more biomass than WARR 14 population only.  
There were no differences in biomass levels between any of the populations at flowering or maturity. 
Similar results were observed in seed production where there were no differences in the number of 
viable seed produced per plant between phenoxy resistant and susceptible plants.  As wild radish 
plants and populations were grown in a common environment the differences observed in biomass 
and seed production levels indicate a high degree of genetic variability between wild radish 
populations.  The large lsd values indicate that a large proportion of this variability can be attributed to 
genetic variability between individual plants within a population. 
Table 2. Above ground biomass determined at three growth stages and total seed production of wild 
radish plants from phenoxy herbicide susceptible and resistant wild radish populations
Population
Dry weight
Seed production
seed/plant4 - leaf Flowering Maturity
                              -g/plant                              -
WARR 7 (susceptible) 0.72 14.35 39.18 2789
WARR 25 (susceptible) 0.58 12.68 36.82 1995
WARR 5 0.59 12.32 33.72 2190
WARR 6 0.50 11.85 35.33 2015
WARR 11 0.52 10.90 37.86 2762
WARR 12 0.50 11.65 36.69 4015
WARR 13 0.57 12.89 36.34 2567
WARR 14 0.48 10.46 36.64 2917
WARR 19 0.56 14.76 35.88 2641
WARR 20 0.67 11.62 36.62 3201
lsd p = 0.05 0.23 5.33 14.73 2130
CONCLUSION
The ability to visually identify herbicide resistant wild radish plants within a population would facilitate 
the removal and reduction in spread of herbicide resistant genes within a population.  However, these 
studies have determined that inherent genetic variability within wild radish populations prevents the 
visual identification of phenoxy resistant individuals.  Inconsistent patterns of flower colour, biomass 
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and seed production for resistant and susceptible wild radish populations prevented these parameters 
from being used to identify phenoxy herbicide resistance in untreated plants/populations.  
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Can glyphosate and paraquat resistant annual 
ryegrass reduce crop topping efficacy?
Emma Glasfurd, Michael Walsh and Kathryn Steadman, Western Australian 
Herbicide Resistance Initiative, University of Western Australia
KEY MESSAGES
· Crop topping did not prevent gene flow between non selective herbicide resistant and 
susceptible annual ryegrass populations when resistance to that non-selective herbicide was 
present. 
· Crop topping was not effective in reducing the seed production of resistant populations of 
annual ryegrass
AIMS
The potential for gene flow between glyphosate resistant, paraquat resistant and susceptible annual 
ryegrass populations was assessed following the forced cross pollination between resistant 
susceptible populations.  The effect of crop topping on cross pollination between biotypes and 
subsequent viable seed production was also determined. 
METHODS
Three populations of annual ryegrass PQR (paraquat resistant population from South Africa), WALR50
(glyphosate resistant population from Western Australia) and VLR1 (known susceptible population) 
were used in two crop topping cross pollination studies.  The first examined the effects of cross 
pollination between WALR50 and VLR1 populations.  The second examined the effects cross 
pollination between PQR and VLR1 populations.  To force the cross pollination between resistant and 
susceptible ryegrass plants, at the beginning of anthesis one plant each of resistant and susceptible 
populations were moved into 1 x 1 x 1 m tyvek enclosures located in the outside growth area at UWA. 
Glyphosate at 490 g/ha was used for crop topping WALR50 and VLR1.  PQR and VLR1 were crop 
topped with 250 g/ha paraquat.  During anthesis, seed samples were collected and examined every 
2-3 days to monitor seed development.  At the time of crop topping, development stage for all 
populations was between milky and soft dough stage of seed development, Z70 to Z80 (Zadoks et al. 
1974).  Plants were cut at the tiller base, the tillers combined and placed into paper bags and stored in
a non air conditioned glasshouse where daily maximum temperatures ranged from 35 to 50˚C, until 
16 February 2005.  Seeds were removed from each tiller, by hand using a corrugated rubber mat and 
block and placed into plastic containers and stored in the laboratory at 22°C, until required for analysis.
Seed production, individual seed numbers, germination and seedling vigour were measured.  Seed 
from crop-topped WALR50 X VLR1 crosses and PQR X VLR1 crosses were used in a resistance 
screen the following August to assess gene flow.  Seedlings were screened at the 2 to 3 leaf stage for 
resistance to paraquat (@ 250 g/ha) and glyphosate (@ 490 g/ha).  Seedling survival was assessed 
two weeks after treatment application. 
RESULTS
Paraquat treatment
Gene flow via pollen transfer between the PQR and WALR50 and VLR1 annual ryegrass populations 
has occurred despite a paraquat crop topping treatment of these plants.  The PQR population used in 
this study was almost homogenous for resistance to paraquat with 90 per cent of this population 
surviving following the paraquat application (250 g/ha) at the 2 leaf stage (Figure 1).  However, when 
plants from the PQR population were forced to cross with VLR1 plants, the resulting progeny 
displayed a much lower frequency of paraquat resistance of only 40 per cent (Figure 1).  Similarly, the 
progeny from the VLR1 maternal plants expressed paraquat resistance, with 40 per cent of seedlings 
being resistant to paraquat.  Seedling survival was 10 per cent greater in the PQR progeny compared 
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to the VLR1 progeny (p < 0.05).  Additionally, a greater proportion of the plants exhibited intermediate 
resistance in VLR1 progeny.  Intermediate resistance was observed where plants showed evidence of 
herbicide effects such as browning of leaf tips or chlorosis in the leaves yet survived the treatment
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Figure 1. Seedling survival of progeny from the forced crossing of resistant (PQR) and susceptible 
(VLR1) homozygous maternal plants following treatment with paraquat applied at 250 g/ha.  
□ represents seedling survival and ■ represents intermediate survival.  Bars indicate ±SE of 
means.
Cross pollination between paraquat resistant and susceptible annual ryegrass had a large effect on 
the seeds produced from susceptible plants, where the responses in seed production following crop 
topping mimicked those in resistant plants.  There was no effect on seedling vigour and germination, 
however, seed production was greater in resistant plants compared to susceptible plants.
Glyphosate treatment
Expression of gene flow via pollen transfer between the WALR50 and VLR1 annual ryegrass 
populations is evident in progeny of these populations despite crop-topping with glyphosate.  The 
WALR50 population used in this experiment was almost homogenous for resistance to glyphosate, 
with 90 per cent of this population surviving glyphosate applied at the 2 to 3 leaf stage.  The progeny 
produced by WALR50 maternal plants that were forced to cross with VLR1 maternal plants showed a 
30 per cent reduction in survival after the same glyphosate treatment (Figure 2).  Likewise, the 
progeny from the VLR1 maternal plant expressed glyphosate resistance, with 65 per cent of seedlings 
withstanding glyphosate application.  There was no difference in seedling survival for WALR50 
progeny compared to the VLR1 progeny (p < 0.05).  Intermediate resistance expression in both 
WALR50 and VLR1 progeny was low (3%).
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Figure 2. Seedling survival of progeny from the forced crossing of resistant (WALR50) and susceptible 
(VLR1) homozygous maternal plants following treatment with paraquat applied at 490 g/ha.  
□ Represents seedling survival and ■ represents intermediate survival. Bars indicate ±SE of 
means. 
Despite crop topping treatments, seed numbers were unaffected in both glyphosate resistant and 
susceptible plants seed following cross pollination between the two genotypes.  Seed weight, 
germination and seedling vigor also show little variation between glyphosate resistant and susceptible 
annual ryegrass plants following cross-pollination and crop-topping treatments.
CONCLUSION
The evolution of resistance to the non selective herbicides, glyphosate and paraquat in annual 
ryegrass populations could effectively remove crop topping as an effective management option for 
reducing the seed production of annual ryegrass.  This study recognised the alarming potential for 
gene flow from resistant to susceptible populations, giving rise to an undesirable increase in the 
frequency of resistant individuals in the population.  Gene flow, transferring glyphosate and paraquat 
resistance from resistant to susceptible annual ryegrass plants was found to occur via pollen 
movement.  Results from the screening of the progeny of crosses between WALR50 or PQR and 
VLR1 populations indicated that resistance to both paraquat and glyphosate results from a 
semi-dominant, nuclear encoded gene. 
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Tetraploid ryegrass for WA.  Productive pasture 
phase AND defeating herbicide resistant ryegrass
Stephen Powlesa, David Ferrisab and Bevan Addisonc
aWA Herbicide Resistance Initiative, University of Western Australia; bDepartment of 
Agriculture, WA and cElders Limited
ABSTRACT
Ryegrass (Lolium rigidum) that is present across the WA wheatbelt is annual and is a diploid (2x = 14).
Annual diploid ryegrass is extremely well adapted to the Mediterranean type WA climate and is an 
excellent pasture species, explaining why it was widely seeded and nurtured in WA agriculture, 
especially during the period of sheep/wool domination.  However, as cropping intensified from the 
1960s onwards, diploid ryegrass has become WA and Australia’s most important crop weed.  Selective
herbicides initially provided excellent control of annual diploid ryegrass infesting cropping paddocks, 
but herbicide resistance developed rapidly and now multiple herbicide resistance in ryegrass is very 
widespread across the WA wheatbelt.  Farmers are using a range of practices to maintain diploid 
ryegrass at economically tolerable levels.  One of the control options available to many farmers with 
ryegrass problem paddocks is to rotate into short or longer term pasture phases in which value is 
obtained from the diploid ryegrass by grazing and seed production is minimised by spring pasture 
topping.  The objective is to reduce diploid ryegrass numbers in the subsequent cropping phase.  
Especially when ryegrass numbers are large then longer term (2-4 year) pasture phases are 
recommended.  Diploid ryegrass does not have long term seed dormancy and therefore seed numbers
in the soil seedbank can be rapidly reduced (approx. 80% decline per year).  With a pasture phase it is
therefore possible to run diploid ryegrass seedbanks to low levels.  However, it must be noted that 
while well managed pasture phases greatly reduce the diploid ryegrass numbers there is no change in
the herbicide resistant status of the remaining ryegrass.
Here, we propose the use of a pasture phase involving tetraploid ryegrass to specifically target diploid 
herbicide resistant ryegrass.  Tetraploid ryegrass (4x = 28) have hardly been used in Australia, 
although they are now freely available.  Tetraploid ryegrass has double the seed size of diploid 
ryegrass and is much more vigorous and an excellent livestock pasture component.  What must be 
appreciated is that tetraploid ryegrass will freely cross with diploid ryegrass and will produce a sterile 
triploid.  This offers the possibility of using a genetic trick to diminish herbicide resistant diploid 
ryegrass.  A cropping paddock infested with herbicide resistant diploid ryegrass is rotated to pasture 
and herbicide susceptible tetraploid ryegrass is seeded.  Both tetraploid and diploid (herbicide 
resistant) ryegrass will be present during the growing season, but the more vigorous tetraploid will 
dominate.  At flowering, tetraploids will cross with tetraploids to produce fertile seed but whenever a 
tetraploid crosses with a herbicide resistant diploid then a sterile triploid will result.  During a managed 
pasture phase therefore there will be a substantial reduction in the herbicide resistant diploid ryegrass.
In essence, the herbicide resistant diploid population will be replaced by a herbicide susceptible 
tetraploid.  Of course, numbers of the tetraploid ryegrass will need to be reduced by pasture topping 
and by herbicide usage during a subsequent cropping phase.
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Long-term management impact on seedbank of wild 
radish with multiple resistance to diflufenican and 
triazines
Aik Cheam, Siew Lee, Dave Nicholson and Ruben Vargas, Department of 
Agriculture, Western Australia
KEY MESSAGES
● Controlling seed set is a very important tactic in managing wild radish seedbank.
● A single break year of very little or no seed set control will have a dramatic impact on the 
seedbank enrichment process of wild radish.
● Continuous decline in the seedbank of wild radish is feasible by adopting rotations involving 
wheat and pasture phases which allow the use of alternative herbicides (wheat phase) and the 
prevention/reduction of wild radish seed set (pasture phase) via hay freezing, green manuring or
mechanical mowing.
● As low as 7 per cent of the original seedbank of the multiple resistant wild radish remained after 
six years of intensive seed set control.
BACKGROUND AND AIMS
Populations of wild radish that have developed multiple herbicide resistance across several herbicide 
groups are now becoming more common in Western Australia.  To date, at least two populations of 
wild radish with multiple resistance to Groups F and C herbicides have been documented in Western 
Australia.  Multiple resistance to these two groups of herbicides has resulted in the loss of diflufenican 
(Group F), picolinfen (Group F) and triazines (Group C) for wild radish control in lupins and the loss of 
triazines for wild radish control in triazine-tolerant (TT) canola.  Given the importance of diflufenican 
and triazines in Australian agriculture, it is important that adequate knowledge is obtained on how to 
control and manage these wild radish populations that have developed multiple resistance to both 
herbicide groups, if planting lupins or canola is to continue in later years in affected paddocks.  In 
2000, following the confirmation of the first population of wild radish with multiple resistance to 
diflufenican and triazines, a long-term experiment was immediately initiated to learn quickly how to 
control and manage the population.
METHOD
The experiment was designed to rapidly run down the wild radish seedbank using a number of 
rotations.  Management strategies combining principles of reducing seed production and enhancing 
seedbank decline were implemented.  Each rotation system was monitored over six years to identify 
the best strategy that accelerates the seedbank decline of wild radish that has evolved multiple 
resistance to diflufenican and triazines.
The cropping programs and management practices over the last six years of the experiment are 
shown in Table 1.  Wheat and Cadiz pasture were used in most rotations over several years to 
enhance wild radish seedbank decline because of the availability of effective control measures against
wild radish.
Determination of the wild radish seedbank level at the start of each cropping season was based on 
forty soil cores per plot.  Each soil core measured 4.5 cm in diameter and 10 cm deep.
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Table 1. Cropping programs and management practices from 2000-2005
Year
Rotation
A B C D E F
2000
Canola
(Atrazine 
pre-em. 2 L; 
post-em. 2 L.)
Wheat
(Buctril MA 
1.4 L)
Lupin
(Simazine 
pre-em. 2 L, 
Brodal 100 mL +
Lexone 100 g)
Lupin
(Simazine 
pre-em. 2 L, 
Brodal 200 mL)
Lupin
(Brodal only 
200 mL)
Cadiz
Serradella 
(mowed)
2001
Cadiz
(Green 
manuring and 
glyphosate 
follow-up to kill 
survivors)
Cadiz
(Mowing once 
only)
Cadiz
(Hay freezing 
glyphosate, 
follow-up 
mowing of 
survivors)
Cadiz
(Hay freezing 
glyphosate)
Cadiz
(Green 
manuring with 
cultivation)
Cadiz
(Mowing twice)
2002 As in 2001 As in 2001 As in 2001 As in 2001 As in 2001 As in 2001
2003
Wheat
Glean 5 g + 
MCPA LVE 
500 mL
Wheat
Diuron 350 mL +
MCPA 400 mL
Wheat
(MCPA amine 
500 mL + Ally 
3.5 g + Glean 
4 g)
Wheat
(Affinity 60 g + 
MCPA amine 
500 mL, Z13-25)
Wheat
(Giant 0.6 L)
Wheat
(Paragon 
375 mL)
2004
Wheat
(Paragon 
375 mL)
Wheat
(Barrel 1.0 L)
Wheat
(Buctril MA 
1.4 L)
Wheat
(Giant 0.6 L)
Wheat
(Affinity 60 g + 
MCPA amine 
500 mL, Z13-25)
Wheat
Glean 5 g + 
MCPA LVE 
500 mL
2005
Cadiz
(Hay freezing 
glyphosate)
Cadiz
(Hay freezing 
glyphosate)
Cadiz
(Hay freezing 
glyphosate)
Cadiz
(Hay freezing 
glyphosate)
Cadiz
(Hay freezing 
glyphosate)
Cadiz
(Hay freezing 
glyphosate)
RESULTS
Table 2 shows the wild radish seedbank at the start of each season expressed as a per cent of the 
original seedbank recorded at the commencement of the experiment.
Table 2. The soil seed reserves of wild radish (as per cent of seed remaining at the start of each 
season) in various rotations.  Basal seed bank of wild radish at the commencement of the 
experiment was 5000 seeds m-2 to 10 cm soil depth
Rotation
to 2005*
Start of season
2000 2001 2002 2003 2004 2005
A 100 270 64 37 18 15
B 100 26 38 84 18 8
C 100 162 44 21 11 11
D 100 153 32 21 14 11
E 100 104 32 25 14 12
F 100 62 40 38 11 7
* See Table 1.
From the data, it is evident that the wild radish seedbank level at the start of each season is a 
reflection of the efficacy of the wild radish control in the previous season.  As expected, rotations A, C, 
D and E all showed an increase in the wild radish seedbank in 2001.  The failure of atrazine to control 
the triazine resistant wild radish in 2000 was responsible for the increase in rotation A.  In rotations C, 
D and E, the seedbank increases were due to the failure of diflufenican on its own or in combination 
with metribuzin to control the wild radish in 2000 because of its multiple resistance to diflufenican and 
triazines.  The use of simazine as a pre-emergent treatment in rotations C and D was ineffective 
because of triazine resistance in the wild radish population.
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
84
Agribusiness Crop Updates 2006
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
85
Agribusiness Crop Updates 2006
A single break year of very little seed set in 2000 was found to have a dramatic impact on preventing 
enrichment of the wild radish seedbank in 2001, as seen in rotations B and F.  Some seed production 
from the regenerated wild radish after mowing accounted for the greater seedbank in rotation F 
compared with rotation B.  Despite the increased seedbanks at the start of the 2001 season in 
rotations A, C, D and E, their seedbanks were on the decline following the effective control of wild 
radish in subsequent years.  The slowest decline was evident in rotation A, thus suggesting that the 
ability to control the wild radish population at the outset is crucial to prevent enrichment of the 
seedbank.  Hence, the persistence of wild radish due to the input of new seed is just as important, if 
not more important than seed longevity in the soil.  Consequently, any tactics that could reduce wild 
radish seed production would enable populations of wild radish to be better managed.  Tactics such as
green or brown manuring, mowing or slashing, and the use of herbicides that can still control the 
population, have been shown in this long-term experiment to play a major part in running down the 
wild radish seedbank.  As low as 7 per cent of the original seedbank remained after six years of 
intensive seed set control in the most effective rotation treatment.
CONCLUSION
Once wild radish has evolved multiple resistance to Groups F and C herbicides, the herbicides 
diflufenican, simazine and atrazine, currently recommended for wild radish control, will no longer be 
effective on the population, thus allowing the survivors to reproduce to enrich the seedbank.  However,
the seedbank enrichment process can be prevented or minimised by incorporating wheat and pasture 
phases in rotation farming because effective measures are available to control the population.  A good 
range of herbicides commonly used for wild radish control in cereals are still effective on the 
population.  Drastic tactics such as hayfreezing, green manuring and mowing or slashing of the radish 
plants during a pasture phase of Cadiz are very effective in controlling the seed production of wild 
radish in spring.  By including wheat and pasture phases in the rotation cropping, continuous reduction
in the wild radish seedbank is feasible resulting in as low as 7 per cent of the original seedbank 
remaining after six years of intensive seed set control.  Depending on the size of the original 
seedbank, the 7 per cent are still likely to cause weed problems, as noted in this case with 35 plants/
m2 recorded on 11 July 2005.  Beating weeds is a numbers game!  Measures need to be applied 
effectively each year to maintain or allow continuous decline of the seedbank.  The seedbank of wild 
radish can increase dramatically when control measures are relaxed in any one year.
KEY WORDS
wild radish, seedbank, diflufenican, triazines
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East-west crop row orientation improves wheat and 
barley grain yields
Dr Shahab Pathan1, Dr Abul Hashem2, Nerys Wilkins1 and Catherine Borger3, 
Department of Agriculture, 1Merredin, 2Northam and 3WAHRI, The University of 
Western Australia
KEY MESSAGES
· Grain yields of wheat and barley were significantly higher when sown in an east-west orientation
than in a north-south orientation.
· Under an east-west orientation there was less weed growth, higher light interception by the crop
canopy and higher soil moisture than in the north-south orientation.  
· No definite pattern in the impact of row orientation on the yields of lupin, canola and field pea 
was determined with conflicting results between orientations.  Further research is required.
· Farmers should consider these results when establishing tramline systems or sowing wheat and
barley in areas similar to Avondale or Merredin.
AIMS
Crop row orientation is an important factor in regulating crop/weed competitive relationships, growth 
and yields.  Crop rows orientated at a near right angle to sun direction may suppress weed growth by 
creating a partial shade on weeds, however such effects have rarely been observed in many parts of 
the world.  In some parts of the Western Australian wheat belt the sun angle goes as low as 35° during
winter time.  By investigating this phenomenon in WA it can be determined if the opportunity exists for 
growers to capitalise on the concept of row orientation, particularly when establishing tramline farming.
The aim of this study was to examine the effect of crop row orientation induced photo-sensory 
processes on the growth and development of weeds and crops.
METHODS
Merredin trials
Two trials were conducted at the Merredin Research Station in 2004 and 2005.  In 2005, ryegrass 
seed was introduced at seeding at a density of 200 ryegrass seed/m2 to ensure weediness.  Five 
crops (wheat, barley, lupins, canola and field pea), were sown at two row spacings (23 and 60 cm) and
two row orientations (east-west and north-south).  An additional trial was conducted under weed-free 
conditions to examine the effect of crop row orientation on the growth and development of wheat and 
barley.  The crops were sown on 11 May 2005 following standard agronomic practices. 
In 2004, 200 ryegrass seeds/m2 and 300 wild radish pod segments/m2 were introduced into the site at 
sowing time.  Five crops (wheat, barley, lupins, canola and field pea) were sown at two row spacings 
(18 and 36 cm) and two row orientations (east-west and north-south).  The crops were sown on 4 June
following standard agronomic practices.  
All treatments in both years were laid out in a factorial complete block design with three replicates.  No
pre- or post-emergent herbicides were sprayed for weed control in 2004, although Select® was 
inadvertently sprayed in broadleaf crops only in 2005.  The measurements included density of crops 
and weeds by species, weed dry biomass, soil water content, light interception, grain yield, grain size 
and protein content.  Photosynthetically active radiations (PAR) were measured above the crop 
canopy and at the centre of inter-row apace at midday on a sunny day, with a Sunfleck Ceptometer.  
Measurements were reported as per cent light interception in relation to light above the crop canopy.
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Avondale trials
Two trials were conducted at the Avondale Research Stations in 2002 and 2004 using natural 
populations of ryegrass and radish.  Five crops (wheat, barley, lupins, canola and field pea) were sown
at two row spacings (18 and 36 cm) and two row orientations (east-west and north-south).  The crops 
were sown in the 1st week of June following standard agronomic practices.  All treatments were laid 
out in a factorial complete block design with three replicates.  No pre- or post-emergent herbicides 
were sprayed for weed control.  The measurements included density of crops and weeds by species, 
weed dry biomass, light interception and grain yield and protein.  
RESULTS
Results show that there was a significant increase in the grain yield of wheat and barley when the 
crops were sown in an east-west orientation compared to a north-south orientation at both locations in 
all seasons (Table 1).  
Table 1. Grain yield (kg/ha) measured on opposing orientations of wheat and barley in four trials at two
locations, averaged over row spacings from 2002 to 2005.  Lsd.05 to compare means of each 
crop between orientations
Growing
seasons and
locations
Wheat (kg/ha) Barley (kg/ha) lsd
(p = 0.05)East-West North-South East-West North-South
2005 Merredin 1159 666 1151 1069 141
2004 Merredin 766 615 717 439 127
2004 Avondale na* na 502 456 85
2002 Avondale 2851 2020 2183 1722 317
* na = not available.
Yield data of canola, lupin and field pea are conflicting between locations, at one location yields of 
these crops were higher in the east-west orientation than the north-south orientation, and vice versa at
the other location (data not presented).  
Under weed free conditions at Merredin, wheat and barley yields were also 24 to 30 per cent higher 
when sown in an east-west orientation than north-south orientation presumably due to 11 to 18 per 
cent higher soil water in an east-west orientation than north-south orientation, measured at the centre 
of inter-row space at late flowering stage.
Row spacing effects varied between crops irrespective of sowing orientation (data not presented).  
Grain protein content of wheat and barley was higher in the east-west orientation than in the north-
south orientation measured at Merredin (Figure 1).  Grain sizes were not influenced by row 
orientations.  
The initial weed densities did not significantly differ due to row orientations (data not presented).  
However, weed dry biomass was lower in crops sown in the east-west orientation than in the north-
south orientation both at Avondale and Merredin (Table 2).  
Table 2. Weeds dry biomass (g/m2) measured at flowering stage of crops from 
opposing orientations of wheat and barley at two locations, averaged over row
spacings from 2002 to 2005.  Lsd.05 to compare means of each crop between 
orientations
Growing
seasons and
locations
Weed dry biomass in wheat (g/
m2)
Weed dry biomass in barley (g/
m2) lsd
(p = 0.05)
East-West North-South East-West North-South
2005 Merredin 8.1 28.1 10.3 18.6 12.0
2004 Merredin 45.5 59.4 55.4 69.9 4.8
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2004 Avondale na* Na 114.1 149.6 24.5
2002 Avondale 11.9 62.2 8.1 64.0 31.8
* na = not available.
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The lower weed biomass in the east-west orientation than in the north-south orientation was 
presumably due to a reduction of weed growth.  This may have occurred due to a change in the light 
quality induced by shade from crop plants sown in an east-west orientation and higher light 
interception by the crop canopy.
Figure 1. Grain protein content (%) measured on opposing orientations of wheat and barley at Merredin,
averaged over row spacings in 2004 and 2005.  Lsd.05 to compare means of each crop between
orientations. 
Total light interception by crop canopy of wheat and barley was always higher in east-west orientation 
than in north-south orientation when measured at midday at the centre of inter-row space (Figure 2).  
This means the cop plants in the east-west orientation created more shades on the weed plants 
growing in close proximity on the south side of crop rows than the crop plants in the north-south 
orientation.  
Figure 2. Light 
interception, expressed as per cent of global light, by crop canopies in two row orientations 
measured at midday on a sunny day in September at the centre of inter-row space, averaged 
over row spacings and locations.  Lsd.05 to compare means of each crop between 
orientations.
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It appears that grain yields of wheat and barley were consistently higher when sown in an east-west 
orientation than in a north-south orientation.  Such increases in the yield of these crops could be 
attributed to a reduction in weed growth in the east-west orientation compared to a north-south 
orientation.  It may be possible that shade created by crop plants in the east-west orientation not only 
changed the quality of intercepted light but also maintained a lower soil temperature, leading to 
11-18 per cent higher soil water in the east-west than in north-south orientation.  The grain size did 
not, however, support such observation on higher water availability in the east-west than north-south 
orientation.
CONCLUSION
The results from this study may have vital implications in guiding growers as to whether they should 
sow crops in an east-west or north-south orientation. 
Sowing cereal crops in an east-west orientation is likely to be more productive than in a north-south 
orientation in the absence or presence of weeds. 
More research is needed to understand the influence of row orientations on the yields of lupin, canola 
and field pea.  
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Competitiveness of different lupin cultivars with wild
radish
Dr Shahab Pathan1, Dr Bob French1 and Dr Abul Hashem2, Department of 
Agriculture, 1Merredin and 2Northam, Western Australia
KEY MESSAGES
· The growth of wild radish was significantly greater than that of lupins during the crop’s 
reproductive stage.
· Wild radish can significantly reduce lupin plant growth and grain yield.  Even 3 radish plants/m2 
reduced lupin grain yield by 15 to 24 per cent.
· Early sown lupins were more competitive than late sown lupins and suffered less yield loss.
· Mandelup is a stronger competitor with wild radish than Belara or Tanjil, with smaller reductions 
in plant growth and grain yield.
· Wild radish should be controlled before lupins flower to minimise radish competition and 
maximise lupin yield.
AIMS
· To evaluate whether competition from wild radish reduces grain yield, seed size, and protein in 
lupins.
· To test how much radish can be tolerated before these effects begin.
· To test whether lupin cultivars differ in their competitiveness with wild radish.
BACKGROUND
Wild radish is a very competitive weed in lupins and other winter crops.  It can reduce lupin growth and
productivity by competing for light, soil moisture and nutrients.  Wild radish can also cause harvest 
difficulties blocking the harvester and reducing the quality of the harvested crop.  The life of its seed 
bank could be as long as seven years under continuous cropping systems such as a wheat-lupin 
rotation.  This weed is a major threat to production of lupins, canola, and other crops in the Western 
Australian wheat belt.
METHOD
Two almost identical trials were conducted on the Merredin and Wongan Hills Research Stations in 
2005 to examine the effect of four target densities of wild radish (0, 2, 10 and 20 plants/m2) on the 
growth, yield and grain quality of three cultivars of lupin (Belara, Mandelup and Tanjil) sown at two 
different times.  Treatments were laid out in a split-plot design with three replicates.  The main plots 
were cultivar.sowing time combinations and radish densities were in sub-plots.  Lupins were sown in 
the 1st (early) and 3rd (late) weeks of May following standard agronomic practices, except that no pre-
emergent simazine was applied.  In both locations wild radish was sown at the same time as the lupins
at rates calculated to achieve the target density.  The measurements included species growth, density,
dry biomass, grain yield, seed size and protein content, and photosynthetically active radiation (PAR) 
incident at the top of the lupin canopy.  Growth curves and above ground tissue nutrient content of wild
radish and Mandelup lupins were measured within wild radish (10 plants/m²) lupin mixtures grown in 
separate plots at Merredin.
RESULTS
Wild radish grew significantly faster than Mandelup lupins over the growing season in plots with ~ 10 
radish plants/m2 at Merredin (Figure 1), although it should be pointed out that the data in Figure 1 is on
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a per plant basis and lupins probably grew faster on an area basis because of their higher density.  On
average, wild radish was 35 to 50 cm taller than lupin cultivars at maturity.  Among the three lupin 
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cultivars, Mandelup (~ 62 cm) was 4 to 5 cm taller than Belara (~ 58 cm) and Tanjil (~ 57 cm), 
averaged over two sowing times and locations.  Macronutrient concentrations (except N) in the 
aboveground tissue of wild radish were significantly higher than in lupins at all growth stages (Table 1).
The ability of radish to capture and maintain higher concentrations of nutrients in the mostly non-
structural above-ground tissues might explain its ability to maintain higher per plant growth rates than 
lupin.
The achieved radish densities were higher than the target density at both locations, particularly at 
Merredin.  Radish competition did not significantly affect lupin plant emergence numbers (Table 2).  
Competition from increasing radish density substantially reduced crop biomass in all lupin cultivars 
(Table 3).  At Wongan Hills Mandelup suppressed radish growth compared to the other cultivars, and 
at maximum biomass it suffered less growth suppression from radish competition than the other 
cultivars (Table 3).  There was also less radish biomass in Mandelup at maximum biomass, but this 
was not significant due to within site variability.  At Merredin there were no significant interactions on 
biomass production between lupin cultivar and radish density, perhaps due to unexpectedly high 
radish densities (except control) and uniform ryegrass populations across all treatments (data not 
presented).  However, at Merredin Mandelup was the strongest competitor at flowering, with less 
reduction in crop biomass than either Belara or Tanjil.
Table 1. The concentrations of macronutrients (% of dry wt) in dried above ground tissues of wild 
radish and Mandelup lupin, measured at different growing stages at Merredin in 2005
Nutrients
(% of dry wt)
Vegetative stage Flowering stage Mature stage
lsd (p = 0.05)
Lupin Wildradish Lupin
Wild
radish Lupin
Wild
radish
N 3.85 3.42 3.26 2.95 2.69 2.57 0.57
P 0.35 0.53 0.21 0.36 0.14 0.17 0.04
K 1.14 2.50 0.73 1.45 0.67 0.97 0.21
S 0.26 0.88 0.24 0.83 0.22 0.69 0.14
Ca 1.36 1.96 1.21 1.04 0.45 0.59 0.34
Mg 0.35 0.39 0.31 0.46 0.31 0.37 0.08
Table 2. The achieved density of radish and lupins at Merredin and Wongan Hills, averaged over both 
sowing times and all cultivars in 2005
Target radish
density (plant/m2)
Achieved radish density (plant/m2) Achieved lupin density (plant/m2)
Merredin Wongan Hills Merredin Wongan Hills
0 0 0 46 55
2 5 3 48 54
10 24 14 48 55
20 43 28 47 53
lsd (p = 0.05) 5 3 ns* ns
* ns = not significant.
Lupin grain yields decreased significantly as radish density increased in all cultivars and at both 
locations (Table 3).  At Wongan Hills 3 radish plants/m2 reduced lupin grain yield by 15 to 24 per cent 
(Figure 3a).  The presence of 28 radish plants/m2 reduced lupin yield by 33 to 49 per cent.  The 
highest grain yield was obtained from radish-free plots of Mandelup, followed by Tanjil and then Belara
(Table 3).  Mandelup suffered less yield loss than other cultivars at the same density of radish 
(Figure 3a) and the yield loss from radish competition was greater with later sowing than with early 
sowing (Figure 3b).  At Merredin lupin yields were very low (129 to 410 kg/ha) and the effects were 
confounded by frost during pod set and high ryegrass populations in all treatments.  
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Table 3. The dry biomass of radish and lupins measured at crop maximum biomass, and grain yield of 
three lupin cultivars, averaged across two sowing times at Wongan Hills in 2005
Achieved
radish density
(plants/m2)
Radish dry biomass (g/m2) Lupins dry biomass (g/m2) Lupin grain yield (t/ha)
Belara Mandelup Tanjil Belara Mandelup Tanjil Belara Mandelup Tanjil
0 0 0 0 617 612 748 1.61 2.31 2.14
3 178 83 155 499 604 565 1.36 1.94 1.62
14 338 175 281 390 492 467 1.02 1.68 1.29
28 411 184 224 348 518 463 0.94 1.56 1.09
lsd (p = 0.05) 159 122 0.28
Figure 1.
Plant height and dry biomass of lupin (closed symbols) and wild radish (open symbols) 
grown in mixed cultures.  Data for both species were collected at 14 day intervals during the 
growing season at Merredin in 2005.
The available photosynthetically active radiation (PAR) at the top of the lupin canopy significantly 
decreased with increasing radish density in each lupin cultivar and at both locations (Figure 2).  For 
example, competition from 2 to 20 radish plants/m2 decreased available PAR by 16 to 54 per cent.  
Figure 2.
Effect 
of 
observed 
radish 
density on
available 
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photosynthetically active radiation (PAR) at the top of the lupin canopy measured at mid-day 
on a sunny day, averaged across two sowing times at Merredin and Wongan Hills in 2005. 
Figure 3. Effect of radish density on the grain yield loss (% of radish-free yield) of (a) 
three lupin cultivars and (b) two sowing times at Wongan Hills in 2005.
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There were different effects of radish density on lupin seed size at each location.  At Wongan Hills 
seed size declined significantly as radish density increased, but rose at Merredin.  Seed size differed 
significantly between cultivars at each location.  Mandelup was largest (138-144 g/1000 seed), 
followed by Belara (125-139 g/1000 seed) and, finally, Tanjil (122-127 g/1000 seed).  This effect was 
consistent across radish densities and locations.  Grain protein was not significantly affected by radish 
density in any lupin cultivar at either location.  However, protein contents differed significantly between 
cultivars.  Tanjil had the highest grain protein (34.3-34.5%) followed by Mandelup (32.6-34.0%) and 
Belara (32.6-33.2).
This shows that competition from wild radish consistently reduced grain yield and biomass of lupins 
mainly by reducing available PAR on the lupin canopy during the reproductive stage.  Previous 
research has also shown that competition from wild radish can reduce lupin grain yield and biomass 
by reducing available PAR (Hashem et al. 2004, 14th Australian Weeds Conference; Pathan et al. 
2005, Crop Updates).  The degree of reduction in lupin grain yield was much higher than the reduction
in biomass due to radish competition, suggesting that competition was more intense during the 
reproductive stages, particularly seed filling, than during the vegetative stage. 
CONCLUSION
The growth of wild radish was significantly greater than that of lupins during the reproductive phase of 
the crop.  Thus, competition from radish significantly reduced grain yield and biomass of lupins.  This 
appears to be mainly by reducing available PAR incident on the lupin canopy.  Mandelup is a stronger 
competitor, with smaller reductions of plant growth and grain yield, than Belara or Tanjil.  Therefore, 
lupin cultivars differ in competitiveness against wild radish.  This information has important implications
for managing wild radish.  Growers should sow Mandelup to reduce yield losses from wild radish and 
should ensure that wild radish is controlled at the vegetative stage to minimise competition and 
maximise lupins yield.  It is also necessary to understand the dynamics of species interactions and 
elucidate the competitive mechanisms.
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Managing herbicide resistant weeds through farming
systems
Kari-Lee Falconer, Martin Harries and Chris Matthews, Department of Agriculture, 
Moora, Geraldton and Wongan Hills
KEY MESSAGES
Shielded spraying of wide row spaced lupins was economical and effective at reducing ryegrass seed 
production compared to other cropping rotations.
AIMS
To evaluate the influence of rotational tactics to manipulate seed banks of herbicide resistant weeds.
METHOD
Property Wongan Hills Research Station
Soil type Yellow sand
Sowing date 11 May 2005
Seeding rate Wheat 80 kg/ha, barley 70 kg/ha, canola 5 kg/ha, lupins 100 kg/ha, pasture 
14 kg/ha
Crops were sown wet on 11 May after a good weed knockdown.  Pastures were sown on June 9 with 
weeds controlled prior to seeding.  Plots were 80 meters by 20 meters.  Each species was managed 
as per a commercial enterprise.  Lupins were sown at two row spacings, 25 and 50 cm. 
The wide and narrow row lupins were managed differently.  Narrow rows were sprayed with tradition 
broadcast herbicide application.  Lupins seeded on narrow rows were sprayed with 1.5 L/ha simazine 
pre-sowing and 250 mL/ha Select® and 150 g/ha Lexone ® post emergent.  Total chemical cost per 
hectare of $37.51.  Wide row plots received 1.5 L/ha of simazine pre-sowing broadcast as per the 
narrow rows.  Post emergent herbicides were shield sprayed; non selective herbicides between rows, 
glyphosate and Spray.Seed® and selective herbicides through lay-by nozzles on the crop row (20% of 
the paddock area).  Shielded spraying on rows included; 500 mL/ha simazine on 7 July and 500 mL/ha
Select® with 100 g/ha Lexone® on 17 August.  Between rows using shields 1.0 L/ha of glyphosate 
was applied on 7 July, and 1.0 L/ha Spray.Seed® on 17 August.  Total chemical cost per hectare of 
$34.85.
RESULTS
Establishment of barley and canola was below targeted populations.  Plant densities were 40 plants 
per square meter for Canola, 76 Barley, 133 Wheat, 45 wide Lupin, and 67 for narrow lupin.
Weed density was measured on 7 June, before post emergent herbicides affected weed numbers.  
Results indicted that all plots were infested with large numbers of ryegrass; Canola 997 per square 
metre, narrow lupin 798, wide lupin 589, Wheat 318 and Barley 296.  The fact that the cereals had the 
lowest ryegrass population at this time indicates trifluralin was much more effective than triazine 
herbicides.
Shielded spraying reduced ryegrass numbers substantially.  At the end of the season, 3 November, 
wide row lupins had lower ryegrass seed production per square meter than all other treatments 
(Figure 1).  While seed was produced in the pasture plots the vast majority was at soft dough stage 
and subsequently spray topped.
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Yields varied considerable between species.  Canola did not recover from the poor establishment and 
became heavily infested with ryegrass, despite being a triazine tolerant canola on which simazine and 
atrazine were applied.  While establishment of the narrow row spaced lupins was good ryegrass was 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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not contained with full label rates of Select® and 150 g/ha of metribuzin.  Yields of narrow row lupins 
were significantly lower than 50 cm lupins.  This was not surprising given the differences in ryegrass 
infestations between conventionally managed, 25 cm, lupins compared to shield sprayed, 50 cm, 
lupins (Figures 2 and 3).
Table 1. Yield (t/ha)
Yield
+Canola 1.15
-Wheat 2.18
+Lupin (25 cm) 2.28
+Barley 2.42
+Lupin (50 cm) 3.26
lsd min rep 0.56
lsd max-min 0.48
lsd max rep 0.39
CV% 11.3
+  4 replicates;  -  2 replicates.
0
20
40
60
80
100
120
140
160
180
Canola Pasture Lupin narrow Lupin w ide Wheat
Pl
an
ts
/m
2
0
5000
10000
15000
20000
25000
30000
35000
Se
ed
/m
2
ppm2
#REF!
#REF!
#REF!
seed/m2
Figure 1. Ryegrass plants per square metre as affected by species, 3 November.
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Figure 2. Weed burden in wide shield sprayed Figure 3. Weed burden in conventionally sprayed
wide row lupins, 3 November. narrow row lupins, 3 November.
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CONCLUSION
Shielded spraying of lupins is a viable weed control method.  Ryegrass that set seed in the shielded 
sprayed lupin plots germinated from within the crop row.  Control of weeds growing within the crop row
remains the most challenging aspect of shielded spray application however; In-row herbicides will be 
more efficacious when applying to ryegrass populations that are more susceptible to selective 
herbicides.  In practice a grower would only be able to shield spray once in the season.  Further trials 
will refine the timing of shielded spraying applications to investigate the best timing for a single 
application.
KEY WORDS
farming systems, lupin, shield spray
ACKNOWLEDGMENTS
GRDC for financial support.  Department of Agriculture Research Support Unit for seeding and 
harvesting trial.
Project No.:
Paper reviewed by: M. Harries
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
103
Agribusiness Crop Updates 2006
Lupins tolerate in-row herbicides well
Peter Newman and Martin Harries, Department of Agriculture, Geraldton
KEY MESSAGES
Lupins tolerated high rates of registered lupin herbicides when applied to the base of the lupin plant 
through in-row nozzles of a shielded sprayer.
AIMS
To evaluate the tolerance of lupins to a range of registered and unregistered herbicides applied in-row 
with a shielded sprayer.
METHOD
Property Mullewa Research Station, Ardingly South Road
Soil type Red Loamy Sand
Sowing date 3 May 2005
Seeding rate 100 kg/ha Mandelup Lupins (50 cm row spacing)
Fertiliser (kg/ha) 100 kg/ha plain super deep banded
Treatments applied 1 July 2005 in 140 L water/ha through in-row nozzles spraying a 20 cm wide band 
at 4.8 km/h.  Lupins big bud to early flower stage at spraying.  A weed free site was chosen to test the 
tolerance of lupins to herbicide.  No observations on weed control were made.
RESULTS
Lupin yield for a range of in row herbicides applied with a shielded sprayer
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Figure 1. Lupin yield for herbicide treatments applied in-row at the base of the lupin plant with a 
shielded sprayer.
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CONCLUSION
Shielded spraying of lupins offers alternative weed control technology to lupin growers.  Other 
research has demonstrated that weeds can be controlled with non-selective herbicides between crop 
rows.  Control of weeds growing within the crop row remains a challenge.  
Previous research in this area has demonstrated that lupins tolerate high rates of registered herbicides
when applied to the base of the lupin plant with an in-row nozzle.  This research further confirms this 
finding.  The herbicides Gramoxone®, Jaguar®, Lontrel® and Bromoxynil® are not registered for use 
in lupins and are not recommended.  The Gramoxone® treatment significantly reduced lupin yield.  
Gramoxone desiccated lupin stems causing splitting and ring barking.  Stems were weakened and 
most plants lodged.  
There were no other significant differences in lupin yield, however, there was a trend indicating that 
treatments containing Bromoxynil reduced yield.  There was no significant effect of any treatment on 
lupin protein or lupin seed weight.  
The Brodal® + Lexone® + Hasten treatment appeared safe in this trial as was the case in similar trials
in 2004.  Lontrel was included because it has been used by growers as an unregistered practice to 
remove blue lupins from narrow leaf lupins.  The Lontrel® treatment caused significant twisting of the 
lupin stems. 
Diuron was tested because research has shown that it controls doublegee effectively.  However, crop 
safety with broadcast application is variable.  The Brodal® + Diuron + Hasten mixture did not cause 
phytotoxic effects or yield reduction, however, heavy rainfall after application may cause damage to 
lupins through root uptake.
A wider range of herbicides than can normally be applied post emergent in lupins will be able to be 
applied to the base of the lupin stems with a shielded sprayer.  Crop safety from herbicides applied at 
the base is largely due to reduced leaf-burn and reduced foliar uptake.  Timing of application is critical,
weeds need to be targeted prior to stem elongation.
KEY WORDS
lupin, shield spray, in-row, herbicide
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Summer weeds can reduce wheat grain yield and 
protein
Dr Abul Hashem1, Dr Shahab Pathan2 and Vikki Osten3, 1Senior Research Officer, 
Northam, 2Research Officer, Merredin Department Agriculture Western Australia, 
Northam; and 3Senior Agronomist, CRC for Australian Weed Management, 
Queensland Department of Primary Industries and Fisheries, Emerald, Qld 4720
KEY MESSAGES
· Uncontrolled summer weeds should be controlled because they can significantly reduce wheat 
grain yield up to 40 per cent. 
· They can reduce cumulated soil N up to 90 cm depth by 12 to 66 per cent compared to a weed-
free paddock. 
· Presence of some summer weed species may even reduce emergence of wheat.
AIMS
Summer weeds are opportunistic because they emerge during summer following adequate rain, grow 
and utilise water and nutrients from various soil depths depending on the rooting depth of the weed 
species.  A long-term trial (03NO19) funded by CRC Australian Weed Management was established in 
summer 2003 at the Merredin Research Station to:
1. Estimate the use of nitrogen (N) and water by summer weeds through soil profiles; and 
2. Measure the effects of summer weeds on the subsequent wheat crop.
METHOD
Treatments and design
The trial site was established in a sandy loam duplex soil, which was sown to lupins in 2002.  Four 
treatments:  (1) wet/clean (irrigation + weeding);  (2) wet/weedy (irrigation + no weeding);  
(3) dry/clean (no irrigation + weeding); and  (4) dry/weedy (no irrigation + no weeding), were laid out in
a randomised complete block design with six replications.  The unit plot size was 3.5 m x 20 m.  
Summer rain was simulated by providing irrigation water to the wet plots during summer season.  The 
dry plots did receive summer rainfall but not the irrigated water.  The amounts of rainfall received on 
the site from the start of summer period (early February) to end of summer period (end of April) were 
61, 68 and 58 mm in 2003, 2004 and 2005 respectively.  The amounts of irrigation water supplied 
during the same period were 60, 135, and 174 mm in 2003, 2004 and 2005, respectively.  Total 
evaporations from February to April on the site were 661, 689 and 705 mm in 2003, 2004, and 2006 
respectively. 
Weeds in weeding treatments were sprayed after emergence.  At the end of summer fallow season, 
weed residues were chopped by discs before sowing wheat and retained on plots except in 2005 
when the weed residues were inadvertently raked out of plots before sowing wheat.  All plots were 
uniformly sown to wheat (Wyalkatchem/Carnamah) at 80 kg/ha at season break following standard 
agronomic practices.  To understand the dynamic in N, no N was top-dressed in 2003 season and no 
N was applied at sowing time in 2004.  Since the wheat crop showed strong N deficiency symptoms in 
2004 season, 60 kg N/ha was top-dressed in August 2004.  Standard N fertiliser was applied in 2005.
Measurements
(1) Soil moisture and soil mineral N to a depth of 90 cm, at the start and end of summer fallow;  
(2) biomass and tissue N of summer weeds at maximum flowering stage of the dominant weed 
species; and  (3) emergence, grain protein and yield of winter wheat.
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RESULTS
Summer weed effect on wheat in 2003
The wet/weedy plots had a 22 per cent lower emergence of wheat plants, 40 per cent lower grain 
yields and a lower grain protein than dry/clean plots (Table 1 and 2).
Summer weed effect on wheat in 2004
Wet/weedy conditions during summer fallow did not affect the emergence of wheat in 2004 (Table 1) 
but significantly reduced the grain yield and protein of the subsequent wheat crop (Table 2).
Summer weed effect on wheat in 2005
Wheat plant emergence and grain yield were not affected by summer weeds in 2005 even though the 
dry biomass of summer weeds produced in the wet/weedy plots in 2005 was higher than 2003 and 
2004 (Table 1 and 2).  Wheat grain protein was lower in the wet plots than in dry plots (Table 2).  
Inadvertent removal of weed biomass from the weedy plots before sowing wheat may have minimised 
some adverse effects of summer weeds on wheat. 
Table 1. Effect of wet and weedy conditions on summer weed dry biomass and their 
effect on emergence of subsequent wheat crops at Merredin in 2003-2005
Treatments
Summer weed dry biomass (g/m2) Wheat emergence (plants/m2 )
2003 2004 2005 2003 2004 2005
Wet/clean 0 44.9 0 136 113 111
Wet/weedy 100.1 55.3 225 125 122 106
Dry/clean 0 0 0 160 118 102
Dry/weedy 44.4 0 0 130 110 110
lsd.05 17.85 16.58 99.0 16.0 ns ns
Table 2. Effect of wet and weedy conditions on grain yield and protein contents of wheat crops at 
Merredin in 2003-2005
Treatments
Wheat grain yield (t/ha) Wheat grain protein (%)
2003 2004 2005 2003 2004 2005
Wet/clean 2.9 1.5 1.4 9.2 8.2 9.0
Wet/weedy 1.8 1.4 1.4 7.5 8.1 8.4
Dry/clean 3.0 1.6 1.4 9.9 8.7 9.9
Dry/weedy 2.7 1.7 1.5 9.3 8.9 9.9
lsd.05 0.20 0.24 ns 0.25 0.45 0.55
Since weed presence did not significantly reduce wheat emergence in 2004 and 2005, we can not 
attribute the significant reduction in the emergence of wheat in 2003 to the mere presence of weeds in 
wet/weedy plots.  The type of weed species that was present in 2003 could have been the reason for 
reduction in wheat emergence.  In 2003, the most dominant weed species was caltrop (90% of the 
floristic composition) followed by Afghan melon.  In 2004 and 2005, Afghan melon was the most 
dominant weed species (90% of the floristic composition) followed by caltrop or goosefoot.  One 
explanation is that allelochemicals being released by the weeds are inhibiting wheat emergence.  In 
other words, the caltrop plants might have a stronger allelopathic effect on wheat emergence than 
Afghan melon.  This hypothesis needs to be tested by further experimentation. 
Wet and weedy conditions effects on soil nitrogen
At the end of 2003 summer fallow (May 2003), total cumulative N up to 90 cm soil depth in the 
wet/weedy plots was 69 per cent, 66 per cent and 61 per cent lower than dry/clean, wet/clean, and 
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dry/weedy plots respectively (Figure 1).  Similar trend in soil N was also found at other soil depths 
including at 15 cm depth in 2003.  At the end of 2003 summer season, highest total N was preserved 
in the dry/clean plots followed by wet/clean, dry/weedy and wet/weedy plots (Figure 1).  The site 
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received 61 mm of rain in all treatments and 121 mm of rainfall + irrigation water in the wet plots.  
These results suggest that bulk of soil N was, at least temporarily, lost from soil due to weeds rather 
than rain/irrigated water in 2003.  However, analysis of aboveground tissues of summer weeds (data 
not presented) showed that 1 t/ha dry biomass of summer weed species such as caltrop could tie up 
about 15 kg N/ha.  This is then not available to
wheat plants, especially during the vegetative
growth stages (first 6-8 wks) when the demand
for N is high.
At the end of 2004 summer fallow period, total
cumulative soil N at 90 cm depth of wet/weedy
plots was 12 to 49 per cent lower than other
plots (Figure 2).  Highest total N was preserved
in the dry/weedy plots followed by dry/clean
and wet/clean plots at all soil depths and the
lowest in the wet weedy plots.  Regardless of
treatments, at the end of 2004 summer fallow
period, average cumulative soil N at 90 cm
depth was 75 per cent and 62 per cent lower
than in 2003 and 2005 respectively.  One of the
reasons for such a low soil N was probably a
deliberate reduction in the application of N in
2003 and 2004.  A great proportion of available
N was also removed by higher grain yields in
2003 than other years.  In addition, 469 mm of
water including 135 mm of irrigated water
received in the wet plots from May 2003 to April
2004 might also have contributed to the
reduction in N in wet plots.
At the end of 2005 summer fallow period, the
trends in the cumulative soil N were similar to
2004 although the average total N up to 90 cm
depth was 62 per cent higher than 2004 and 33
per cent lower than 2003.  The cumulative soil
N at 90 cm depth in the wet/weedy plots was 25
to 36 per cent lower than other plots in 2005
(Figure 3).  At the end of 2005 summer fallow
period, highest total N was preserved in
dry/weedy followed by dry/clean and wet/clean
plots and the lowest N was preserved in the
wet/weedy plots.
Water use by summer weeds
Measurements on water use (data not
presented) did not show a substantial difference
between treatments either at the beginning or
end of summer fallow period.  Since the
average evaporation from February to April in
2003-2005 was 685 mm on the trial site, the amount of irrigation did not result in substantial difference 
in soil water through the soil profile in any season.
CONCLUSION
The results recorded over three years in this study showed that uncontrolled summer weeds had 
reduced wheat grain yields in two season and wheat protein in three seasons.  Presence of some 
summer weed species also significantly reduced wheat emergence in one out of three seasons.  Soil 
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Figure 2. Effect of wet and weedy summer conditions on soil N measured   
at the end of summer fallow in 2004
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Figure 1. Effect of wet and weedy summer conditions on soil N 
measured at the end of summer fallow in 2003
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Figure 3. Effect of wet and weedy summer conditions on soil N measured at 
the end of summer fallow in 2005
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N measured up to 90 cm depth was reduced by 12 to 66 per cent in the wet/weedy plots compared to 
wet/clean plots.  Such reduction in soil N might also have partly contributed towards the reduction in 
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yield and protein of wheat grain.  The lower overall grain protein in 2004 compared to other seasons 
suggest that wheat growth and conversion to grain N were highly dependent on available N during the 
season. 
KEY WORDS
summer weeds, soil N, wheat emergence, wheat grain, wheat protein
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Diuron post-emergent in lupins, the full story
Peter Newman and Glenn Adam, Department of Agriculture, Geraldton
KEY MESSAGES
Diuron damages lupins when applied post emergent if heavy rain (more than approximately 30 mm) 
falls in the week following spraying.  This damage is likely to be due to root uptake of the herbicide.
Diuron + Brodal® at the 8 leaf stage of lupins can be a very effective mix for doublegee and wild 
radish control but is not registered.
AIMS
To evaluate the efficacy of Diuron and other herbicides for broadleaf weed control in lupins.
METHOD
Table 1. Details of two trials established on yellow sandplain soil at Mingenew and 
Yuna
Location Clancy Michael, Mingenew Daryl Jupp, Yuna
Reps/plot size 3 reps, plots 3 m x 20 m 3 reps, plots 3 m x 20 m
Seeding date/variety 11 May 2005 Kalya lupins 100 kg/ha 3 May 2005 Tanjil lupins 100 kg/ha
Basal herbicides Simazine plus knockdown pre sowing, 
Select® 300 mL/ha + Targa Bolt® 
40 mL/ha 8 July 2005.
Simazine plus knockdown pre sowing, 
Select® 250 mL/ha
Treatment spraying date PSPE treatments applied 13 May
Post em treatments 14 June 2005
Lupins 8 leaf
Post em treatments 31 May 2005
Lupins 6 to 8 leaf
RESULTS
Surviving doublegee, lupin damage rating and lupin yield for a range of herbicide 
treatments - Michael
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Figure 1. Surviving doublegee (per plot), lupin damage rating (score out of 10) and lupin
yield (kg/ha) for a range of broadleaf herbicide treatments.
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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There were significant differences (p < 0.05) in doublegee control lsd 7.75.  Doublegee numbers are 
surviving doublegee per plot.  (A plot is 60 m2.)  There was no significant difference in lupin yield 
(p > 0.05).  Damage ratings were a score of 1 to 10 with 1 being no visible damage to lupins and 10 
being dead lupins.  There was no wild radish at this site to monitor.
The results below are from a similar trial from Daryl Jupp’s at Yuna in 2005.  This site was lighter sand 
and experienced heavy rainfall (approximately 50 mm) in the week following spraying.
Table 2. Weed survival per plot (i.e. 60 m2), lupin damage rating and lupin yield for a 
range of broadleaf herbicide treatments – Daryl Jupp, Yuna
Treatment Survivingdoublegee
Surviving
radish
Damage
(out of 10)
Yield
(kg/ha)
Nil 33.7 71.7 0 1752 (100)
Brodal® 150 mL 29.3 15 0 2105 (120)
Diuron 300 mL 11.3 69.3 2 1545   (88)
Brodal® 150 mL + Diuron 300 mL 3 1.3 5.3 1586   (90)
Brodal® 150 mL + Diuron 600 mL 0.7 0.7 7.7 838   (48)
Diuron 300 mL + Simazine 400 mL 5 47.7 5 1298   (74)
Brodal® 150 mL + Diuron 300 mL + Simazine 
400 mL 1 0 7.3 1264   (72)
Brodal® 150 mL + Diuron 200 mL + Lexone® 
50 g 5.3 0.3 5.7 1418   (81)
Brodal® 150 mL + Lexone® 100 g 16.7 4.7 0.7 1916 (109)
Brodal® 150 mL + Lexone® 80 g + Simazine 
400 mL 2 0.3 3.3 1711   (98)
Brodal® 150 mL + Simazine 800 mL 8.7 8 1.3 1811 (103)
lsd 6.9 18.2 1.2 387   (22)
Values in parenthesis are per cent of nil.
Other observations
Diuron 300 mL/ha + Brodal 150 mL/ha was applied to a small area of Mandelup lupins at Eradu.  
Heavy rain (67 mm) fell in the week following spraying.  Severe crop damage resulted.
Three growers faced with high numbers of doublegee in 8 leaf lupins sprayed a total of approximately 
2000 ha of lupins with Diuron 300 to 400 mL/ha + Brodal® without heavy rainfall following spraying 
(i.e. less than 25 mm).  All three growers commented that they achieved excellent weed control with 
very little crop damage and excellent lupin yields.  All three are prepared to use the mix again with 
careful consideration of forecast rainfall and crop stage.  One grower commented that he would not 
use this mix over Belara lupins again as he experienced some visual damage in 2005.  
In trials and grower’s paddocks Diuron was slower to kill weeds than the well known metribuzin mixes.
CONCLUSION
Diuron appeared safe for use post emergent in Kalya lupins (8 leaf stage) at the trial at Mingenew with
no effect on yield and minor visual damage.  Only 27 mm rain fell at the Mingenew site in the week 
after spraying.  The Yuna trial showed significantly higher levels of visual damage and reduction in 
lupin yield.  This trial was on light yellow sand and experienced heavy rain in the week after spraying.  
Diuron was very damaging in one bulk crop at Eradu but was generally safe over a significant area of 
bulk crop.  Herbicide tolerance data from Eradu in 2005 showed that Diuron + Brodal® applied at the 
6 leaf stage was safe for Mandelup lupins but reduced yield of Tanjil and 2173m (see paper by 
Harmohinder Dhammu).  Tolerance work conducted by the Mingenew/Irwin group in 2005 showed no 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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effect of Diuron + Brodal® on yield of Mandelup, Kalya or 2173m lupin varieties (see paper by Richard
Quinlan).
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Diuron has a history of causing damage to lupin crops when applied post emergent.  Comments from 
growers/agronomists/researchers indicate that the greatest damage occurs where small lupins 
(i.e. less than 6 leaf) are sprayed and heavy rain falls soon after spraying.  Damage is more likely on 
light sands.
This research, herbicide tolerance data and grower observations indicate that in some cases it is 
possible to apply Diuron safely post emergent in lupins.  This safe application of Diuron appears to be 
where lupins are at least at the 8 leaf stage, heavy rain is not forecast, and the soil is good quality 
sandplain (i.e. not light sand).  It appears that the majority of damage is through root uptake of Diuron 
rather than leaf uptake.  
Diuron is not registered for use post emergent in lupins and is considered a risky option due to the 
unpredictable nature of the weather.  For these reasons, growers are not recommended to apply 
Diuron post-emergent to lupins.  Some growers are likely to experiment with this herbicide despite this 
recommendation and can minimise their risk by following the guidelines above.
Control of 2 to 4 leaf doublegees with Brodal® 150 mL/ha + Diuron (500) 300 mL/ha was excellent at 
both trial sites and in the bulk crops in 2005.  A similar result was seen in 2004.  Diuron + Brodal® 
appeared to give better control than Lexone® + Brodal® although this result was not significant.  
The Yuna trial demonstrated that the three way mix of Lexone® + Brodal® + Simazine was far 
superior for doublegee control (although slightly more visual damage was seen) than the two way mix 
of metribuzin + Brodal®.  
Growers with Kalya or Mandelup lupins are advised to use a three way mix of Simazine + Brodal® + 
metribuzin post emergent for wild radish and doublegee control rather than Diuron.  
Diuron has the advantage of being from a different sub-group of group C herbicides to 
metribuzin/triazines so it represents an alternative group of chemistry for use in lupins
The Mingenew trial shows that herbicides such as Diuron or metribuzin give more reliable control of 
doublegee when applied post emergent as opposed to post sowing, pre emergent (PSPE).  A similar 
trial in 2004 showed that metribuzin applied PSPE gave good control of doublegee.  PSPE herbicides 
will be variable depending on soil moisture and soil type.
The Brodal® + Diuron + Lexone®/Simazine treatments were included to try and demonstrate the 
potential for crop damage.  These mixes were damaging to lupins, particularly at the Yuna site.
KEY WORDS
diuron, metribuzin, doublegee, lupin
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Double incorporation of trifluralin
Peter Newman and Glenn Adam, Department of Agriculture, Geraldton
KEY MESSAGES
Double incorporation of trifluralin with rolling chain harrows followed by seeding had no effect on 
ryegrass control, wheat emergence or wheat yield.
AIMS
To evaluate double incorporation of trifluralin to improve control of ryegrass emerging from the furrow 
wall when seeding with knife points and press wheels.
METHOD
Property Mike Bothe, Coorow
Soil type Yellow sand
Sowing date 30 May 2005
Seeding rate 70 kg/ha
Farmer sprayed trifluralin 1.8 L/ha + Diuron 300 mL/ha + Spray.Seed 350 mL/ha + Paraquat 350 
mL/ha immediately prior to sowing of wheat.  First knock of glyphosate applied approximately 10 days 
earlier.
Incorporation treatments carried out approximately 1 hour after spraying and immediately before 
seeding using phoenix type harrows.  Aggressive setting achieved more incorporation than normal 
setting.  Aggressive setting was achieved by towing harrows at a steeper angle.  Plots were harrowed 
in one, two or three passes to achieve different levels of incorporation.  Nil plots, trifluralin was 
incorporated by seeding with knife points and presswheels only.
RESULTS
In crop ryegrass and wheat yield for a range of trifluralin 
incorporation treatments
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Figure 1. Surviving ryegrass in crop and wheat yield for various levels of trifluralin 
incorporation. 
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CONCLUSION
A common problem with trifluralin use when incorporated by knife points and presswheel seeding is 
ryegrass emerging from the side of the furrow wall.  The roots of this ryegrass grow in a zone of low 
trifluralin.  One theory is that double incorporation of trifluralin may alleviate this problem.  A trial in 
2004 showed no increase in ryegrass control when double incorporation was carried out.  The harrows
used in this trial may not have been aggressive enough to achieve enough soil disturbance.  
Double incorporation of trifluralin with rolling harrows had no effect on ryegrass control, wheat 
establishment or wheat yield in this trial.  There was no significant difference in ryegrass control in 
furrow or in the ridge between treatments.  There was no effect on ryegrass control of increasing soil 
disturbance by harrowing in multiple passes or with different harrow settings on weed control.
Based on this result, growers are advised to continue with single incorporation of trifluralin with knife 
point/presswheel seeding.  Future research should focus on a range of machinery to achieve various 
levels of incorporation.
KEY WORDS
trifluralin, ryegrass, incorporation
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Herbicide tolerance of narrow leafed and yellow 
lupins
Harmohinder Dhammu1, Research Officer and David Nicholson2, Technical Officer,
Department of Agriculture, 1Northam and 2Geraldton
KEY MESSAGES
· Mandelup continues to show good tolerance to lupin herbicides including simazine and 
metribuzin.
· A potential new variety WALAN 2173m showed tolerance similar to Mandelup to a range of 
herbicides including metribuzin. 
· Pre-emergent lupin herbicides, Brodalâ or Sniperâ or these in mixture with Eclipseâ (6 g/ha) 
were safe to Pootallong yellow lupins.  Pootallong tolerated Affinityâ better than narrow leafed 
lupins.
· Pootallong possess poor tolerance to metribuzin and its mixtures, similar to Tanjil.
AIMS
To evaluate herbicide tolerance of new and potential narrow leafed and yellow lupins varieties. 
METHOD
Three narrow leafed lupin (Mandelup, Tanjil and WALAN 2173m) and one yellow lupin (Pootallong) 
varieties were sown on 18 May 2005 at Eradu Sandplain Research Annex, on a loamy sand/Eradu 
sandplain soil (pH (Cacl2) 5.5 and OC 0.65%) in 10 m wide parallel strips.  94 kg/ha of each lupin 
variety was sown with knife points followed by press wheels.  100 kg/ha Super Cu, Zn and Mo was 
applied with the seed.  Even though the yellow lupins were seeded shallower (3 cm) than the narrow 
leaved lupins (5 cm), their emergence was slower and were approximately 2 leaves behind in growth 
than the narrow leafed lupins.  A range of herbicide treatments were applied across these strips in 
three randomised blocks, before seeding, 2-4, 4-6, 6-8 and 8-10 leaf stage on 17 May, 3 June, 8 June,
13 June and 27 June, 2005, respectively.  At the time of trial seeding and application of pre-emergent 
herbicide treatments good soil moisture was present, 32.4 mm rain fell within 4 days of crop seeding 
and soil became quite wet, thus good herbicides activities were expected.  To control low density grass
weeds Selectâ 250 mL+ Fusiladeâ 70 mL + Hasten 1 per cent/ha was applied on 7 July as blanket 
spray.  The trial was misted with Dimethoate 800 mL and Fastac Duoâ 300 mL/ha to control aphids 
and other grubs on 6 and 22 September, respectively.  The trial was harvested on 14 November 2005. 
Total rainfall from May to November at Eradu was 389.2 mm.
RESULTS
The effect of herbicides during early crop growth, at flowering and on seed yield (Table 1) of lupins is 
as follow:
· Simazine 4.0 L/ha caused on an average 10-15 per cent biomass and height reduction across 
all the varieties and resulted in significant yield reduction in Tanjil, WALAN 2173m and 
Pootallong. 
· Simazine + Atrazine did not cause visual symptoms in any of the varieties but resulted in 
significant yield reduction in Mandelup and Tanjil. 
· Diuron + Lexoneâ reduced height of all the varieties by 5-10 per cent (on an average), and 
Tanjil and Pootallong were worst affected.  There was no effect on seed yield in any of the 
varieties. 
· Brodalâ and Sniperâ caused spotting/bleaching of the leaves exposed to spray across all the 
varieties.  Intensity of symptoms was greater with Sniperâ or Brodalâ + Sniper than Brodal 
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alone.  These symptoms were outgrown by the flowering time, but Brodal + Sniperâ still 
reduced Pootallong seed yield significantly.
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· Lexoneâ 150 and 250 g/ha caused slight to moderate leaf burning/leaf scorching and biomass 
reduction (5-80%) across all the varieties.  Increase in rate of Lexoneâ from 150 to 250 g/ha 
resulted in increase in intensity of these symptoms.  Both rates of Lexoneâ caused significant 
yield reduction in Tanjil and Pootallong.  Lexoneâ 250 g/ha also reduced Mandelup seed yield 
significantly. 
· The two way or three way mixtures of Lexoneâ with Brodalâ or Sniperâ and/or simazine 
caused similar symptoms to Lexoneâ across all the varieties, but these symptoms were 
translated into significant yield reduction in Tanjil and Pootallong only. 
· Diuron 400 mL + Brodalâ 150 mL applied at 6-8 leaf stage of lupins caused slight leaf burning 
and 40-60 per cent biomass reduction across all the varieties.  These symptoms caused 
significant yield reduction in Tanjil, WALAN 2173m and Pootallong.  This mix is not registered. 
· Lontrelâ (50-100 mL/ha) caused yellowing, drooping leaves/flaccidity, an on average 45-75 per 
cent biomass reduction and significant yield reduction in Pootallong.  Eclipseâ also caused 
yellowing, 20 per cent biomass reduction and significant yield reduction in this variety.  The 
effect of these herbicides on narrow leafed lupin varieties was comparatively negligible. 
· Affinityâ (Carfentrazone-ethyl) is a group ‘G’ herbicide and its 50-100 mL/ha rates resulted in on
an average 5-60% biomass reduction across all the varieties.  Pootallong was least affected. 
DISCUSSION
· The significant yield reduction of Tanjil by Simazine 4 L/ha and Simazine + Atrazine, and of 
Mandelup by Simazine + Atrazine and Sniperâ + Eclipseâ are in contrary to the previous 
2-3 years’ trial results.  Earlier work done on Wodjil yellow lupins indicate that Simazine rates 
greater than 2 L/ha could reduce its yield.  Further more testing of WALAN 2175m and 
Pootallong for higher rates of simazine is required to see wether the results are consistent or 
not.  Mandelup tolerated Simazine 4 L/ha quite well and this is in line with the previous trial 
results.  Higher rates of Diuron (3 L/ha) applied before seeding the crop were tolerated well by 
all the varieties. 
· Increase in Lexoneâ rate from 150 g to 250 g/ha resulted in 2, 6, 23 and 31 per cent reduction 
in seed yield of WALAN 2173m, Mandelup, Tanjil, and Pootallong, respectively.  Significant yield
reduction in Mandelup by Lexoneâ 250 g/ha is in contrary with the previous 5 trial results.  Tanjil
yield reduction by Lexoneâ and its mixtures with other herbicides is consistent with the previous
results.  Maximum rate of Lexoneâ registered to use in lupins is 150 g/ha.  Higher rate of 
Lexone® (250 g/ha) was introduced in the trials to test tolerances further.
· Post-emergent Diuron + Brodalâ was tolerated by Mandelup in this trial, but severe crop 
damage on same site in a bulk-up crop was observed.  The amount and frequency of rainfall 
soon after its application seems to determine the level of crop damage (see crop update paper 
by P. Newman).
· Dow-1 - a group ‘K’ herbicide, mainly for wild radish control, was tolerated well by all the 
varieties applied at 2-4 leaf stage.  During 2004, Dow-1 (immediately post plant) was also 
tolerated quite well by the new wheat varieties.  If registered in future, DOW-1 alone or in 
mixture with other herbicides, could be a good option for control of Group B, C, F and I herbicide
resistant wild radish in lupin-wheat rotation.
· Narrow leafed lupins tolerated Lontrelâ better than yellow lupins.  Lontrelâ at higher rates is 
used for Skelton weed control.
· Use of Brodalâ + Sniperâ mixture on Pootallong should be avoided in the coming season and 
further more testing is required to confirm the results.  Eclipseâ at higher rate (10 g/ha) was 
phytotoxic to Pollallong, but at lower rate (6 g/ha) in mixture with Brodalâ or Sniperâ was safe 
to the variety.  Wodjil is also reported sensitive to the higher rates of Eclipseâ. 
· Pootallong showed better tolerance to Affinityâ than the narrow leafed lupins.  Affinity in mixture 
with Brodal® or Sniperâ or Eclipseâ at lower rates could be used to manage Group B, C and I 
resistant wild radish in Pootallong.  Affinityâ use on lupins is not registered. 
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Table 1. Effect of herbicides on seed yield (% of untreated control) of lupin varieties at 
Eradu
No.
Herbicides
Timing
Seed yield
05NO45 Mandelup Tanjil WA2173m Pootallong
1 Untreated Control >> yield kg/ha 3120 2910 2984 2156
2 Simazine (50%) 2 L (*) Before 93 100 93 95
3 Simazine (50%) 4 L seeding 93 90 91 85
4 Diuron (50%)
3 L
“ 94 101 98 92
5 Simazine 2 L 
+ Atrazine 1 
L
“ 87 90 96 91
6 (*) Diuron 1 L + Lexone® 133 g “ 93 97 102 93
7 DOW-1 150 g 2 leaves - YL 96 97 98 98
8 Affinity® 50 g 4 leaves - NLL 84 91 91 97
9 Affinity® 100 
g 
“ 69 66 75 89
10 (*) Brodal® 
200 mL
“ 99 104 101 92
11 (*) Sniper® 
50 g
“ 103 102 104 95
12 (*) Lexone® 
150 g
“ 96 82 100 85
13 (*) Lexone® 
250 g
“ 90 57 98 54
14 (*) Brodal® 100 mL+ Sniper® 33 g “ 97 93 98 88
15 (*) Brodal® 100 mL + Lexone® 100 g 4 leaves - YL 93 73 97 79
16 (*) Sniper® 33 g + Lexone® 100 g 6 leaves - NLL 100 76 97 82
17 (*) Brodal® 
100 mL + 
Eclipse® 6 g
“ 95 99 103 96
18 (*) Sniper ® 
33 g + 
Eclipse® 6 g
“ 90 97 102 92
19 (*) Brodal® 
100 mL  +  
Simazine 0.5 
L
“ 101 97 101 90
20 (*) Bro. 50 mL + Sni. 15 g + Sim. 0.5 L “ 94 91 98 85
21 (*) Diuron 400 mL + Brodal 150 mL 6 leaves - YL 93 85 90 68
22 (*) Bro. 100 mL + Lex. 100 g + Sim. 0.5 L 8 leaves - NLL 92 75 93 70
23 (*) Sni. 30 g + Lex. 100 g + Sim. 0.5 L “ 93 72 95 64
24 (*) Eclipse® 10 g 8 leaves - YL 97 99 102 88
25 (*) Lontrel® (300) 50 mL 10 leaves - NLL 102 102 99 58
26 (*) Lontrel®(300) 100 mL “ 96 81 84 37
lsd (0.05) Herbicides v/s Untreated 8 8 8 11
lsd (0.05) Herbicides v/s Herbicides 9 9 9 13
CV (%) 7 8 7 11
Treatments (*) had basal Simazine @ 2 L/ha, Bro. = Brodal, Sni. = Sniper, Sim. = Simazine, Lex. = Lexone, 
YL = Yellow lupins, NLL = Narrow leafed lupins.
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WA2173m = WALAN 2173m.  Figures in bold are significantly different from untreated control.
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Table 1 Effect of herbicides on seed yield (% of Simazine 2.5 L/ha) of lupin variteis. Simazine results given as kg/ha.
No Herbicides Timing
04NO32 Kalya Mandelup Tanjil WA2173M Kalya Mandelup Tanjil
1 Simazine (50%) 2.5 L (*) BS 2750 2881 2980 2791 1128 1344 1140
2 Diuron (50%)  2.0 L " 100 104 104 102 79 100 88
3 Simazine 2.5 L + Atrazine 1.0 L " 95 99 95 91 95 103 101
4 (*) Diuron 1.0 L + Lexone 133 g " 101 99 98 95 99 110 96
5 Simazine 2.5 L + Simazine 1.5 L BS + IPP 86 88 78 78 103 110 101
6 (*) Brodal® 200 mL 4 leaves 104 108 106 95 96 104 94
7 (*) Sniper® 50 g " 99 97 101 95 104 93 100
8 (*) Lexone® 150 g " 96 99 85 93 107 106 95
9 (*) Lexone® 250 g " 97 94 69 97 93 102 85
10 (*) Brodal® 100 mL+ Sniper® 30 g " 96 103 98 101 124 94 108
11 (*) Brodal® 100 mL + Lexone® 100 g " 101 101 89 103 106 114 100
12 (*) Sniper® 30 g + Lexone® 100 g " 101 101 88 93 108 95 112
13 (*) Brodal® 100 mL + Eclipse® 6 g " 89 97 88 94 89 103 106
14 (*) Sniper ® 30 g + Eclipse® 6 g " 90 92 91 86 100 114 97
15 (*) Brodal® 100 mL  +  Simazine 0.5 L " 94 95 89 93 94 98 97
16 (*) Bro. 50 mL + Sni. 15 g + Sim. 0.5 L " 98 97 100 99 84 107 91
17 (*) Bounty® 85 g + BS 1000 0.1 % 6 leaves (Er) 74 75 79 74 101 94 98
18 (*) Bounty®  85 g + Brodal® 100 mL 4 Leaves (WH) 79 86 84 75 93 112 107
19 (*) Bounty®  85 g+ Eclipse® 7 g " 76 79 79 70 107 105 97
20 (*) Bro. 100 mL + Lex. 100 g + Sim. 0.5L " 99 101 81 95 103 95 91
21 (*) Sni. 30 g + Lex. 100 g + Sim. 0.5 L " 98 102 75 97 103 91 103
22 (*) Eclipse® 10 g 8 leaves 86 88 89 80 89 98 86
23 (*) Eclipse® 10g Flowering 95 98 99 88 78 71 78
LSD (0.05) Trts V/s Trts 1 9 7 8 7 16 14 16
LSD (0.05) Trts V/s Trts 8 8 8 7 16 15 15
CV (%) 6 6 6 6 12 11 11
At Er, 50%, 60%,  70% & 100% of the plants of  Tanjil, Kalya,  WALAN 2173 & Mandelup, respectively had f low ers w hen Trt 23 w as applied.
Figures in bold are signif icantly different from Simazine 2.5 L/ha.
Eradu (Er) Wongan Hills (WH)
(*) Simazine 2.5 L/ha applied before seeding; BS = before seeding; IPP = Immediately post plant. WA2173M =WALAN 2173M
Flow ering means at least one f low er on the plant. 80-100% plants across all varieties at WH had f low ers w hen Trt 23 w as applied.
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MIG narrow leaf lupin herbicide tolerance trial
Richard Quinlan, Planfarm Pty Ltd, Trials Coordinator MIG; Debbie Allen, Research
Agronomist - MIG
KEY MESSAGES
· Mandelup lupin yields were reduced by 100 g/ha Metribuzin + 100 mL/ha Brodal which is 
contrary to the findings of most other trial work carried out on this variety.
· WALAN 2173m showed good tolerance to Metribuzin + Brodal.
· ‘Cropcare A’ is unsuitable for use on the narrow leaf lupin varieties tested.
AIMS
To test the post emergent broadleaf herbicide tolerance of the new lupin varieties Mandelup and 
WALAN 2173m compared to a known variety Kalya.
METHOD
Location: MIG Sandplain Trial Site, Chris and Jill Foster, Tabletop rd, Irwin
Soil type: Yellow Sandplain over gravel, N – 2 ppm, P – 13 ppm, S – 6 ppm, 
K – 65 ppm, O.C% – 1.23, pH – 4.6
Rotation: 2001 Lupin, 2002 Wheat, 2003 Lupin, 2004 Wheat
Reps: 4
Plot size: 1.5 m x 20 m
Seeding date: 12 May
Seeding rate: 120 kg/ha
Seeding machinery: DAWA cone seeder, knife points and press wheels
Fertilisers: 200 kg Super phosphate, banded (9.1% P, 11% S, 20% Ca) + 60 kg 
MOP, topdressed (49.5% K)
Herbicides: - pre seeding: 1.3 L/ha Roundup PowerMax® (glyphosate), 1.0 L 
SprayseedÒ (135 g/L paraquat + 115 g/L diquat) + 2.0 L/
ha Simazine (500 g/L)
- post seeding: 400 mL/ha Select® (264 g/L Clethodim) + 1 per cent 
Hasten
Insecticides: 100 m L/ha Talstar
Herbicides: Simazine - Group C, 500 g/L simazine
Brodal® - Group F, 500 g/L diflufenican
Lexone® - Group C, 750 g/kg metribuzin
Eclipse® - Group B, 714 g/kg metosulam
Sniper® - Group F, 750 g/kg picolinafen
Diuron - Group C, 900 g/kg diuron 
Time of spraying: 1st spray (2–4 leaf): 1 June
2nd spray (6 leaf): 14 June
3rd spray (8–10 leaf): 24 June
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RESULTS
Table 1. Lupin herbicide damage ratings and Radish control ratings 2005 what do the 
ratings mean.  Phytotoxicity rating:  0 = No Plant damage, 10 = Plant death, 
Radish control:  0 = No radish controlled, 10 = All radish controlled
Treatment Mandelup(30 June)
Kalya
(30 June)
WALAN
2173m
(30 June)
Radish
control
(30 June)
Radish
control
(Harvest)
200 mL/ha Brodal® (2-4 leaf) 1 2 2 9 9
50 g/ha Cropcare A (6 leaf) 9 8 8 9 7
50 g Cropcare A + 150 mL/ha Brodal 
(6 leaf)
8 8 8 9 7
100 g/ha Lexone® + 100 mL/ha Brodal 
(6 leaf)
3 5 6 8 9
500 mL Simazine + 150 mL/ha Brodal® 
(6 leaf)
2 3 2 7 8
150 g/ha Diuron (6 leaf) 1 2 2 1 8##
150 g/ha Diuron + 150 mL/ha Brodal® 
(6 leaf)
2 3 2 6 7
300 g Diuron + 150 mL Brodal® (6 leaf) 3 3 4 8 8
1000 mL Simazine + 150 mL/ha Brodal® 
(6 leaf)
2 3 3 6 8
25 g/ha Sniper® + 7 g/ha Eclipse® (8-10 
leaf)
1 1 1 1* 9
lsd 5% 1.44 0.96 1.15 2
* Note that first rating was done close to 8-10 leaf herbicide application timing.
## 10 g/ha Eclipse applied to control radish in plot.
Table 2. Grain yields of lupin varieties (t/ha)
Treatment MandelupYield t/ha
Kalya
Yield t/ha
WALAN 2173m
Yield t/ha
200 mL Brodal® (2-4 leaf) 3.12 (100%) 2.62 (100%) 3.07 (100%)
500 mL Simazine + 150 mL Brodal® (6 leaf) 3.07   (98%) 2.57   (98%) 2.40   (78%)
150 g Diuron + 150 mL Brodal® (6 leaf) 2.98   (96%) 2.66 (102%) 2.67   (87%)
1000 mL Simazine + 150 mL Brodal® (6 leaf) 2.89   (93%) 2.52   (96%) 2.72   (89%)
300 g Diuron + 150 mL Brodal® (6 leaf) 2.67   (86%) 2.39   (91%) 2.69   (88%)
150 g Diuron (6 leaf) 2.53   (81%) 2.76 (105%) 2.77   (90%)
100 g Lexone® + 100 mL Brodal® (6 leaf) 2.40   (77%) 2.58   (98%) 2.78   (91%)
25 g Sniper® + 7 g Eclipse® (8–10 leaf) 2.39   (77%) 2.10   (80%) 2.44   (79%)
50 g Cropcare A + 150 mL Brodal® (6 leaf) 1.44   (46%) 1.59   (61%) 2.08   (68%)
50 g Cropcare A (6 leaf) 1.37   (44%) 1.70   (65%) 1.89   (62%)
lsd 5% 0.55   (18%) 0.51   (19%) 0.54   (18%)
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CONCLUSION
Comments
 Significant populations of radish were present at the site.  Yields were influenced by weed 
control and herbicide tolerance of the varieties.
 The best weed control and least crop effect was achieved with 200 mL/ha Brodal at the 2-4 leaf 
stage.  This weed control effect carried through to yield 100 g/ha Metribuzin + 100 mL/ha Brodal
significantly reduced the yield of Mandelup lupins.  Weed control in this treatment was good and
therefore competition was not likely to have been a factor.  This was an unexpected result 
considering the findings of the 2004 MIG herbicide tolerance trial and work done by the 
Department of Agriculture (Dr H.S. DHAMMU) both this year and in previous years.
 Kalya and WALAN 2173m yields were not significantly reduced by the metribuzin + Brodal 
treatment. 
 Simazine + Brodal was well tolerated by Mandelup and Kalya even at the higher rate of 
Simazine.  WALAN 2173m yield was significantly affected by the low rate of this mix.
 The Diuron + Brodal treatments gave very little visual crop effect with all varieties.  This mix also
resulted in good weed control.  There was a trend towards lower yields as the rate of diuron was
increased.  Other research has shown that this mix has the potential to damage lupins where 
significant rain falls after spraying (see paper by Peter Newman).
 Sniper + Eclipse resulted in little visual crop effect.  Yield reductions resulting from this treatment
were probably due to competition before the treatment was applied.
 Diuron alone gave poor weed control resulting in depressed yields due to competition.  This 
treatment was followed late in the season with 10 g/ha Eclipse to stop radish seed set.
 Cropcare A resulted in unacceptable crop effect which carried through into significant yield 
reductions for all varieties.  Visually the addition of Brodal® to Cropcare A resulted in less crop 
effect.  The lack of competitiveness of the crop resulting from this treatment resulted in a 
subsequent radish germination’s which may have further affected yields.
KEY WORDS
lupins, herbicides, Mandelup
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Herbicide tolerance of new albus lupins
Harmohinder Dhammu1, Research Officer and David Nicholson2, Technical Officer,
Department of Agriculture, 1Northam and 2Geraldton
KEY MESSAGES
· Andromeda (WALAB 2000) possesses good tolerance to commonly used lupin 
herbicides/herbicide mixtures.
· Andromeda seems to have better tolerance to metribuzin and its mixtures than Kiev Mutant. 
· Lontrelâ is highly phytotoxic to albus lupins.  Lontrel® use in lupins is not registered.  
AIMS
To identify herbicide sensitivities of new albus lupin varieties and thus reducing yield losses.
METHOD
Location and year Mullewa Research Station, 2005 MIG site, Mingenew, 2005
Varieties tested Andromeda (Test variety) and Kiev Mutant (Standard variety)
Soil type and pH (Cacl2) Red loam/Sandy loam, 5.7 Clay, 7.5
Trial design Criss-cross, every 6th plot was untreated control.
Plot size (gross) and replications 10 x 3 m, 3 10 x 3 m, 3
Sowing date and seeding rate 24 May and 160 kg/ha 30 May and 150 kg/ha
Seeding machinery Knife points and press wheels Knife points, press wheels and harrows
Fertiliser DAP 80 kg/ha DAP 75 kg/ha
Herbicides application dates Before 
seeding
2 leaf stage 4 leaf stage 6 leaf stage 8 leaf stage
Mullewa 24 May 8 June 20 June 30 June 7 July
Mingenew 30 May 30 June 7 July 18 July 22 July
Blanket spray (rate/ha) Mullewa – Bravoâ 2 L – 22 September.
Mingenew:  Lemat 100 mL – 1 July, Selectâ 250 mL+ Fusilateâ 70 mL + 
Hasten 1% – 11 July, Aramoâ 300 mL – 11 Aug., Bravoâ 1.5 L – 
15 September, Insecticide for bud worm – 29 September
Paddock history 2004 – Wheat
2003 – Wheat
2004 – Pasture
2003 – Pasture
Harvesting date 6 December 2005 29 November 2005
Total rainfall (mm)
May-December
224 353
At Mullewa the crop emergence was not uniform in both the varieties.  When 4 leaf treatments were 
applied, 75 per cent of the plants were at 4 leaf stage and the remaining 25 per cent at cotyledon 
stage.  Similarly for the subsequent treatment sprays, 25 per cent of the plants were 2-4 leaf behind 
the nominated growth stage.
At Mingenew the soil was quite dry at the time of seeding.  It was hard to get the tynes in the ground 
as deep as required (5 cm).  Around about 50 per cent of the seed was left on or very close to the dry 
surface.  Harrows were used to cover the seed and to break up some of the clods.  Crop emergence 
was noticed only after sufficient rain fell (76 mm) within two weeks of seeding. 
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RESULTS AND DISCUSSION
The effect of herbicides during early crop growth, at flowering (mainly biomass) and on seed yield 
(Table 1) of lupins at both sites is as follows:
· No adverse effect on any of the varieties from pre-sowing treatments was observed at 
Mingenew, even though some of the lupin seeds were lying on the surface or seeded very 
shallow.  Simazine + atrazine caused slight leaf burning in both the varieties at Mullewa. 
· Brodalâ and Sniperâ caused slight spotting/bleaching of the leaves exposed to spray across 
both the varieties.  These symptoms were outgrown by the flowering time at both the locations. 
· Lexoneâ caused moderate to severe leaf burning/leaf scorching symptoms in both the varieties.
Lexoneâ also caused 10-53 per cent and 33-35 per cent biomass reduction across both the 
varieties at Mullewa and Mingenew, respectively.  Increase in rate of Lexoneâ from 150 to 
250 g/ha resulted in increase in intensity of leaf symptoms and biomass reduction.  These 
effects from Lexoneâ 250 g/ha resulted into significant yield reduction in Kiev Mutant at Mullewa
only.  Maximum rate of Lexoneâ registered to use in lupins is 150 g/ha.  Higher rate of Lexoneâ
(250 g/ha) was introduced in the trials to test tolerances further. 
· Two way or three way mixtures of Brodal® or Sniperâ with Lexoneâ and/or simazine caused 
moderate to severe leaf burning symptoms.  These mixtures resulted in 20-30 per cent biomass 
reduction across the varieties at both sites.  Two way mix of Brodal âwith Simazineâ and three 
way mix with Simazine and Lexoneâ caused significant yield reduction in Kiev Mutant at 
Mingenew.  In the previous trials, Brodalâ+ simazine caused up to 25 per cent yield reduction in
Kiev Mutant (Crop Variety Sowing Guide 2005).
· Diuron 400 mL + Brodalâ 150 mL applied at 6 leaf stage of lupins caused slight leaf burning 
symptoms and around 10 per cent biomass reduction, but no significant effect on seed yield  at 
both sites.  Albus lupins appear to have better tolerance to this mixture than narrow leafed and 
yellow lupins, may be because albus lupins were grown on the heavy textured soils and diuron 
activity at the same rates is less on heavier soils than lighter soils (Diuron uptake is mainly 
through roots, even applied post-emergent).  The amount and frequency of rainfall received 
soon after this mixture’s application seems to determine the level of crop damage (see the Crop
Update paper by P. Newman).  The biggest rainfall events of 4.4 mm and 14.0 mm occurred 
only 3 weeks after its spray at Mullewa and Mingenew, respectively.  Post-emergent use of 
diuron in lupins is not registered.
· Affinityâ (Carfentrazone-ethyl) is a group ‘G’ herbicide and its 50 to 100 g/ha rate resulted in 10-
20 per cent and 25 to 35 per cent biomass reduction in all the varieties at Mullewa and 
Mingenew, respectively, but these symptoms did not result into significant effect on seed yield.  
Affinityâ use in the lupins is not registered
· Dow-1 a group ‘K’ herbicide, is mainly for wild radish control.  Albus lupins showed good 
tolerance to this herbicide applied at 2 leaf stage.  During 2004, Dow-1 (immediately post plant) 
was also tolerated quite well by the new wheat varieties.  If registered in future, DOW-1 alone or
in mixture with other herbicides, could be a good option for control of Group B, C, F and I 
herbicide resistant wild radish in albus lupin–wheat rotation.
· Lontrelâ (50-100 mL/ha) caused drooping leaves/flaccidity, on a average 10 per cent biomass 
reduction and 67-92 per cent yield reduction in both the varieties and locations.  Lontrelâ at 
higher rates is widely used for Skelton weed control.
CONCLUSIONS
· Andromeda showed good tolerance to both pre and post-emergent herbicides/herbicide 
mixtures commonly used in lupins. 
· Andromeda showed comparatively better tolerance to metribuzin and its mixtures with other 
herbicides than Kiev Mutant. 
· Albus lupins showed good tolerance to DOW-1 and Affinityâ similar to Narrow leafed lupins and 
Yellow lupins, respectively. 
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· Lontrelâ was very damaging to albus lupins, similar to yellow lupins. 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
136
Agribusiness Crop Updates 2006
KEY WORDS
albus lupins, herbicide, tolerance
ACKNOWLEDGMENTS
We gratefully acknowledge GRDC for funding this project. 
Project No.: DAW 00134
Paper reviewed by: Peter Newman
Table 1. Effect of herbicides on seed yield (% of untreated control) of albus lupin 
varieties
No.
Herbicides
Timing
Mullewa Mingenew
05NO51 Andromeda Kiev Mutant Andromeda Kiev Mutant
1 Untreated control >> yield kg/ha 691 917 1622 1782
2 Simazine (50%) 2 L (*) Before 118 115 104 103
3 Simazine (50%) 4 L seeding 110 111 114 101
4 Diuron (50%) 3 L “ 118 127 103 101
5 Simazine 2 L + Atrazine 1 L “ 113 95 97 102
6 (*) Diuron 1 L + Lexone® 133 g “ 118 115 99 86
7 DOW-1 150 g 2 leaves 123 119 100 101
8 Affinity® 50 g “ 91 97 96 98
9 Affinity® 100 g “ 80 91 92 93
10 (*) Brodal® 200 mL “ 123 125 100 99
11 (*) Sniper® 50 g “ 118 107 98 95
12 (*) Lexone® 150 g “ 118 113 98 94
13 (*) Lexone® 250 g “ 110 75 95 90
14 (*) Brodal® 100 mL+ Sniper® 33 g “ 123 119 97 102
15 (*) Brodal® 100 mL + Lexone® 100 g “ 131 83 94 94
16 (*) Sniper® 33 g + Lexone® 100 g “ 118 101 98 98
17 (*) Brodal® 100 mL + Eclipse® 6 g “ 96 97 99 100
18 (*) Sniper ® 33 g + Eclipse® 6 g “ 102 101 87 86
19 (*) Brodal® 100 mL + Simazine 0.5 L “ 123 97 88 83
20 (*) Bro. 50 mL + Sni. 15 g + Sim. 0.5 L “ 115 93 108 94
21 (*) Diuron 400 mL + Brodal 150 mL 6 leaves 110 99 95 98
22 (*) Bro. 100 mL + Lex. 100 g + Sim. 0.5 L “ 107 91 96 83
23 (*) Sni. 30 g + Lex. 100 g + Sim. 0.5 L “ 115 93 96 86
24 (*) Eclipse® 10 g 8 leaves 118 101 98 97
25 (*) Lontrel® (300) 50 mL “ 29 16 33 28
26 (*) Lontrel® (300) 100 mL “ 8 12 22 30
lsd (0.05) Herbicides v/s untreated “ 23 17 15 14
lsd (0.05) Herbicides v/s herbicides “ 26 20 16 15
CV (%) “ 19 15 13 12
Bro. = Brodal; Sni. = Sniper; Sim. = Simazine; Lex. = Lexone.
Figures in bold are significantly different from untreated control.
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Field pea x herbicide tolerance
Mark Seymour1 and Harmohinder Dhammu2, Research Officers, and Pam 
Burgess1, Technical Officer, Department of Agriculture, 1Esperance and 2Northam
KEY MESSAGES
· Field peas tolerated a wide range of herbicides both at sowing and post emergent, including 
applications at double the label rate.
AIMS
To test the herbicide tolerance of new field pea varieties.
METHOD
Split plot design:  Replications – 3, Main plot – herbicides – 21 (see results table), Sub Plot – Varieties 
– 3 (Kaspa, Parafield and 96*286-1) randomised within herbicides.  Extra control plots (unsprayed) 
every 5th treatment plot.  Buffer plots every 2 treatment plots to allow utility sprayer to travel down and
to minimise drift of herbicides. 
Event diary:  4 June – Sprayed whole trial 1.5 L/ha Roundupâ Powermax; 27 June trial sown with 
105 kg/ha Allstar, knife points and press wheels, plots rolled after sowing;  29 June – sprayed PSPE 
Treatments 1, 2, 3, 4, 5, 6, 7, 8, 9 and 13-20; 26 July sprayed Post emergent 3 node treatments 10-19;
10 August rated trial for discolouration, stunting and downy mildew; 15 August sprayed 8 node 
Treatment 20; 23 August sprayed whole trial 125 mL/ha Dominexâ and 0.3 L/ha Selectâ; 24 August 
rated trial for weeds in general and broadleaf weeds; 16 September sprayed whole trial 200 mL/ha 
Fastacâ; 3 September sprayed whole trial 200 mL/ha Fastacâ; 13 October Sprayed whole trial 
0.3 L/ha Selectâ and 200 mL/ha Fastacâ; 2 November weed density rating; 2 November crop canopy 
height measured; 8 November Sprayed whole trial 200 mL/ha Fastacâ; 29 November weed density 
rating; 1 December harvest.
RESULTS 
Early in the season (July-August) downy mildew was prevalent in the trial – particularly in the variety 
Parafield.  High rates of Lexoneâ increased mildew slightly.  Brodalâ and Sniperâ both alone and in 
mixes caused bleaching/spotting of leaves.  In all instances the crop grew out of all symptoms.
Weeds present at the site, particularly in the untreated plots, included Fleabane (Conyza sp.), 
sowthistle (Sonchus sp.), Wild mustard (Sisymbrium orientale), Wireweed and Prickly Lettuce (Latuca 
serriola) and ryegrass.  Most of the treatments at sowing controlled the broadleaf weeds.  Immediately 
post plant treatments Spinnakerâ 53 g/ha + Diuron 1.5 L/ha, Lexoneâ 760 g/ha, and most of the post 
emergent treatments reduced weed density down to approximately 0.1/m2 (Table 2).
In general the varieties tolerated a wide range of herbicides at robust rates of application, and yielded 
well.  Only one treatment x variety combination significantly reduced yield – Brodalâ 200 mL/ha x 
96-286*1.  Similar post emergent treatments, such as Sniperâ, and mixes including Brodalâ were 
tolerated by 96-286*1 and we did not observe any visual effects on this variety to suggest it could not 
tolerate Brodal.
It should be noted that many of the rates tested were double label/permit rates, as double rates are 
often required for permit or registration applications.  For example, APVMA recently approved a permit 
for the use of metribuzin in field pea in WA, bringing it into line with the rest of southern Australia.  The 
rates on Permit 8833 are 180-380 g/ha Lexoneâ DF (750 g metribuzin/kg) depending on soil type, 
whereas in these trials we tested at rates as high as 760 g product/ha.  Despite showing 760 g/ha of 
Lexoneâ to be safe at Scaddan in 2005 we would urge caution in using metribuzin at rates higher than
200 g/ha in WA.  In most situations 200 g/ha will provide adequate weed control, and farmers should 
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only consider using higher rates if they have very high weed burdens and are sure they have adequate
distance between seed and herbicide by sowing deep, rolling the paddock etc.
Table 1. Effect of herbicides on seed yield (% of untreated) of field pea varieties
No.
Herbicides (rate/ha)
Timing
Seed yield
05NO42 Kaspa Parafield 96-286*1
1 Untreated Control >> yield kg/ha 2177 1739 2330
2 Diuron 2.0 L (*) Immediately 97 101 115
3 Bladex® 2.0 L post plant 116 114 107
4 Spinnaker® 70 g “ 115 108 108
5  Lexone® 380 g “ 97 110 104
6  Lexone® 760 g “ 114 96 100
7  Lexone® 285 g + Diuron 1.5 L “ 115 114 101
8 Spinnaker® 53 g + Diuron 1.5 L “ 118 118 96
9 Spinnaker® 53 g + Lexone® 285 g “ 121 118 100
10 Spinnaker® 35 g + Lexone 200 g + Diuron 1.0 L “ 119 109 102
11 Raptor® 45 g + BS 1000 0.2% 3-4 nodes 112 115 108
12 Lexone® 380 g “ 102 120 96
13 Lexone® 760 g “ 94 103 101
14 (* ) Raptor® 45 g + BS 1000 0.2% “ 110 111 109
15 (*) Brodal® 200 mL “ 104 110 85
16 (*) Sniper® 50 g “ 108 114 93
17 (*) Brodal® 100 mL + Lexone® 100 g “ 121 101 95
18 (*) Brodal® 200 mL + Lexone® 200 g “ 111 106 91
19 (*) Sniper® 33 g + Lexone® 100 g “ 91 94 100
20 (*) Sniper® 50 g + Lexone® 200 g “ 116 108 96
21 (*) MCPA Na 1.0 L 6-7 nodes 104 105 94
lsd (0.05) Herbicides v/s Untreated 12 14 11
lsd (0.05) Herbicides v/s Herbicides 15 18 14
CV (%) 10 13 10
(*) indicates Diuron 2.0 L/ha as basal treatment. 
Figures in bold are significantly lower yielding than the untreated control.
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Table 2. Effect of herbicides on weed density (1 = 1/10 m2, 3 = ¼ m2, 4 = 1/2 s m2, 5 = 
1/m2, 8 = 5/ m2, 9 = 6/ m2, 10=8/ m2) at Scaddan 29 November 2005, 05NO50.  
Dominant weed was prickly lettuce (Latuca serriola)
No. Herbicides (rate/ha) Timing Weed density rating
1 Untreated control 6
2 Diuron 2.0 L (*) Immediately 3
3 Bladex® 2.0 L post plant 2
4 Spinnaker® 70 g “ 2
5 Lexone® 380 g “ 2
6 Lexone® 760 g “ 2
7 Lexone® 285 g + Diuron 1.5 L “ 3
8 Spinnaker® 53 g + Diuron 1.5 L “ 1
9 Spinnaker® 53 g + Lexone® 285 g “ 3
10 Spinnaker® 35 g + Lexone® 200 g + Diuron 1.0 L “ 2
11 Raptor® 45 g + BS 1000 0.2% 3-4 nodes 3
12 Lexone® 380 g “ 2
13 Lexone® 760 g “ 1
14 (* ) Raptor® 45 g + BS 1000 0.2% “ 1
15 (*) Brodal® 200 mL “ 2
16 (*) Sniper® 50 g “ 1
17 (*) Brodal® 100 mL + Lexone® 100 g “ 1
18 (*) Brodal® 200 mL + Lexone® 200 g “ 1
19 (*) Sniper® 33 g + Lexone® 100 g “ 1
20 (*) Sniper® 50 g + Lexone® 200 g “ 1
21 (*) MCPA Na 1.0 L 6-7 nodes 2
Prob. variety ns (data not shown), herbicide < 0.001
lsd (0.05) Herbicides v/s Untreated 1.
lsd (0.05) Herbicides v/s Herbicides 1.
CV% 47.
(*) indicates Diuron 2.0 L/ha as basal treatment.
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Faba bean variety x herbicide tolerance
Mark Seymour1 and Harmohinder Dhammu2, Research Officers, and Pam 
Burgess1, Technical Officer, Department of Agriculture, 1Esperance and 2Northam
KEY MESSAGES
· All varieties of faba bean were tolerant of all herbicides applied either pre sowing or immediately
post planting.
· Fiesta showed some intolerance to Raptorâ.
· The two new faba bean varieties Farah and Cairo showed improved tolerance to Raptorâ.
AIMS
To test the herbicide tolerance of new faba bean varieties.
METHOD
Split plot design:  Main block:  Replications – 3; Main plot – herbicides – 15 (see results table); 
Sub plot – varieties – 3 (Kaspa, Parafield and 96*286-1) randomised within herbicides.  Extra control 
plots (unsprayed) every 5th treatment plot.  Buffer plots every two treatment plots to allow utility sprayer
to travel down and to minimise drift of herbicides. 
Event diary:  4 June – Sprayed whole trial 1.5 L/ha Roundup Powermax; 27 June – sprayed 1.1 kg/ha
Simagranz (equivalent to Simazine 2 L/ha) to pre-sowing Treatments 1, 12, 13, 14; 27 June trial sown,
105 kg/ha Allstar, knife points and press wheels, plots rolled after sowing; 29 June sprayed PSPE 
treatments 2, 3, 4, 5, 6, 7, 8; 15 August sprayed Treatments 9, 10, 11, 12, 13, 14 at 6 nodes; 
23 August sprayed whole trial 125 mL/ha Dominexâ; 23 August Sprayed whole trial 0.3 L/ha Selectâ; 
8 September trial rated for discolouration and stunting; 20 September Sprayed whole trial 2 L/ha 
Bravoâ; 30 September Sprayed whole trial 200 mL/ha Fastacâ; 13 October Sprayed whole trial 0.3 L/
ha Selectâ; 13 October  Sprayed whole trial 2 L/ha Bravoâ;13 October sprayed whole Trial 200 mL/ha
Fastacâ; 2 November weed density rating;  2 November crop canopy height measured; 8 November 
Sprayed whole trial 200 mL/ha Fastacâ; 29 November weed density rating; 1 December harvest.
RESULTS
All faba bean varieties grew well and tolerated the majority of herbicide treatments.  The two new 
varieties Farah (suggested for the SAR) and Cairo (suggested for the NAR) tolerated the herbicides 
well, with no herbicide treatment significantly reducing the yield compared to either the control or 
standard 2 L/ha Simazine pre sowing treatment (Table 1).  Cairo was the highest yielding variety, but is
not recommended in southern areas as it has poor ascochyta resistance compared to Fiesta and 
Farah.  Fiesta was the only variety to show reduced yield following herbicide application compared to 
untreated control plots.  90 g/ha Raptorâ + wetter, which is double the permitted rate, reduced the 
yield of Fiesta by 22 per cent.  Fiesta was also the only variety to show a reduced yield compared to 
the standard pre-sowing Simazine treatment with Simazine pre + Raptorâ 90 g/ha + wetter, Simazine 
pre + Raptorâ 45 g/ha + oil, and Raptorâ 45 g/ha + wetter reducing yield by 26, 24 and 32 per cent, 
respectively.  Suggesting Raptorâ application to Fiesta may come at a cost, albeit one often worth 
taking.  An interestingly observation from this trial was that the Raptorâ + oil treatments appeared to 
be more vigorous plots than Raptorâ + wetter plots until about mid October by which time the 
differences were less obvious.
Two to three weeks following application of herbicides at sowing or post emergent there were few 
visual effects, apart from a slight yellowing in the following Raptorâ treatments.  As late as October the
Raptorâ plots were visibly shorter, but by maturity (Table 4) there was no significant difference in 
canopy height, except 2 L/ha Simazine IPP + 45 g/ha Raptorâ + oil Post em which actually increased 
the canopy height of Cairo.
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Weeds were present at the site but were thought to not limit yield – covariate analysis using weed 
density did not improve seed yield ANOVA and yields were 2.3-2.6 t/ha.  The dominant weed at 
harvest was prickly lettuce and there were lower densities of sowthistle (Sonchus sp.) both of which 
were at higher densities in untreated control plots.  Most herbicides reduced weed density, with two 
treatments (a) Lexoneâ 285 g/ha + Diuron 1.5 L/ha IPP and (b) 2 L/ha Simazine IPP + 45 g/ha 
Raptorâ + wetter reducing weed density to around 0.1 plants/m2 (Table 5).
It is worth noting that the tolerance of faba bean at Scaddan in 2005 to soil applied herbicides was 
greater than that seen over the last few years when this trial has been at Katanning, which is most 
likely due to a more favourable soil type.  The soil type at Scaddan is a grey loam pH 8.5 which is very
well suited to faba bean compared to the pH 5.5-6.0 gravely sandy duplex soils at Katanning, and soil 
active herbicides are probably less mobile on the heavier soil types.
Table 3. Effect of herbicides on seed yield (% of untreated) of faba bean varieties at 
Scaddan
No.
Herbicides (rate/ha)
Timing
Seed yield
05NO50 Cairo Farah Fiesta
1 Untreated control >> yield kg/ha 2607 2379 2286
2 Simazine 2.0 L (*) Pre-sowing 104 106 121
3 Diuron 2.0 L Immediately 105 107 119
4 Spinnakerâ 70 g post plant 110 118 118
5 Lexoneâ 380 g “ 118 114 110
6 Lexoneâ 285 g + Diuron 1.5 L “ 107 109 114
7 Spinnaker® 53 g + Diuron 1.5 L “ 113 113 114
8 Spinnakerâ 53 g + Lexoneâ 285 g “ 111 117 117
9 Spin. 35 g + Lex. 200 g + Diu.1.0 L “ 123 122 118
10 Raptorâ 45 g + BS1000 0.2% 3-4 nodes 94 111 89
11 Raptorâ 90 g + BS1000 0.2% “ 92 99 78
12 Raptorâ 45 g + Uptakeâ oil 1% “ 103 119 110
13 (*)  Raptorâ 45 g + BS1000 0.2% “ 110 113 106
14 (*)  Raptorâ 90 g + BS1000 0.2% “ 104 91 95
15 (*)  Raptorâ 45 g + Uptake oil 1% “ 119 117 97
lsd (0.05) Herbicides v/s Untreated 11 12 12
lsd (0.05) Herbicides v/s Herbicides 14 15 16
CV (%) 10 10 11
(*) indicates Simazine (50%) 2.0 L/ha as basal treatment.  Spin. – Spinnakerâ, Lex. – Lexoneâ, Diu. – Diuron.
Figures in bold are significantly lower yielding than untreated control.
KEY WORDS
faba bean, herbicide, tolerance
ACKNOWLEDGMENTS
EDRS RSU, GRDC
Project No.: DAW 00134 and DAW 00100
Paper reviewed by: Harmohinder Dhammu 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
144
Agribusiness Crop Updates 2006
Table 4. Effect of herbicides on plant height of faba bean varieties at Scaddan
No.
Herbicides (rate/ha)
Timing
Plant height (% of untreated control)
05NO50 Cairo Farah Fiesta
1 Untreated control 100(67 cm)
100
(68 cm)
100
(66 cm)
2 Simazine 2.0 L (*) Pre sowing 99 93 100
3 Diuron 2.0 L Immediately 102 101 108
4 Spinnakerâ 70 g post plant 104 100 95
5 Lexoneâ 380 g “ 107 100 100
6 Lexoneâ 285 g + Diuron 1.5 L “ 102 98 92
7 Spinnaker® 53 g + Diuron 1.5 L “ 106 102 95
8 Spinnakerâ 53 g + Lexoneâ 285 g “ 97 107 98
9 Spin. 35 g + Lex. 200 g + Diu.1.0 L “ 104 107 103
10 Raptorâ 45 g + BS1000 0.2% 3-4 nodes 104 101 91
11 Raptorâ 90 g + BS1000 0.2% “ 92 100 93
12 Raptorâ 45 g + Uptakeâ oil 1% “ 107 105 103
13 (*)  Raptorâ 45 g + BS1000 0.2% “ 107 95 93
14 (*)  Raptorâ 90 g + BS1000 0.2% “ 104 93 95
15 (*)  Raptorâ 45 g + Uptake oil 1% “ 112 100 93
lsd (0.05) Herbicides v/s Untreated 9 9 9
lsd (0.05) Herbicides v/s Herbicides 11 11 11
CV (%) 8 8 8
(*) indicates Simazine (50%) 2.0 L/ha as basal treatment.  Spin. - Spinnakerâ, Lex. - Lexoneâ, Diu. – Diuron.
Figures in bold are significantly shorter than untreated control.
Table 5. Effect of herbicides on weed density (1 = 1/10 m2, 3 = 1/4 m2, 4 = 1/2s m2, 5 = 
1/ m2, 8 = 5/ m2, 9 = 6/m2, 10 = 8/ m2) at Scaddan 29 November 2005, 05NO50. 
Dominant weed was prickly lettuce (Latuca serriola)
No. Herbicides (rate/ha) Timing Weed density
1 Untreated control >> yield kg/ha 7
2 Simazine 2.0 L (*) Pre sowing 4
3 Diuron 2.0 L Immediately post plant 4
4 Spinnakerâ 70 g “ 3
5 Lexoneâ 380 g “ 3
6 Lexoneâ 285 g + Diuron 1.5 L “ 1
7 Spinnaker® 53 g + Diuron 1.5 L “ 4
8 Spinnakerâ 53 g + Lexoneâ 285 g “ 3
9 Spin. 35 g + Lex. 200 g + Diu.1.0 L “ 2
10 Raptorâ 45 g + BS1000 0.2% 3-4 nodes 4
11 Raptorâ 90 g + BS1000 0.2% “ 4
12 Raptorâ 45 g + Uptakeâ oil 1% “ 5
13 (*)  Raptorâ 45 g + BS1000 0.2% “ 1
14 (*)  Raptorâ 90 g + BS1000 0.2% “ 3
15 (*)  Raptorâ 45 g + Uptakeâ oil 1% “ 3
lsd (0.05) Herbicides v/s Untreated 2
lsd (0.05) Herbicides v/s Herbicides 2
CV (%) 43
(*) indicates Simazine (50%) 2.0 L/ha as basal treatment.  Spin. - Spinnakerâ, Lex. - Lexoneâ, Diu. – Diuron.
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Herbicide tolerance of new Kabuli chickpeas
Harmohinder Dhammu1, Research Officer, Owen Coppen2 and Chris Roberts1, 
Technical Officers, Department of Agriculture, 1Northam and 2Avondale
KEY MESSAGES
· Nafice (FLIP 503) and Almaz (FLIP 530) toleranced commonly used chickpea herbicides at 
least as well as Kaniva. 
· Use lower rates of Lexoneâ (150-200 g/ha) in Kabuli chickpea varieties. 
AIMS
To evaluate herbicide tolerance of new Kabuli chickpea varieties.
METHOD
Three Kabuli chickpea varieties (Nafice, Almaz and Kaniva) were sown on 1 June 2005 at Avondale 
Research Station, on a loamy soil (pH (Cacl2) 4.2 and OC 1.01%) in 10 m wide parallel strips.  150 kg/
ha of each chickpea variety was sown with superseeder points followed by press wheels and phoenix 
harrow.  80 kg/ha DAP was applied with the seed.  A range of herbicide treatments were applied 
across these strips in three randomised blocks, before seeding (BS), immediately post plant (IPP) and 
at 4-6 node stage on 1 June, 2 June and 8 July 2005, respectively.  At the time of trial seeding 10.7% 
soil moisture (determined by Gravimetric method) was present.  To control low density grass weeds 
Selectâ 250 mL+ Verdictâ (520) 100 mL + Uptake/ha was applied on 18 July as blanket spray.  To 
keep the Ascochyta under control Mancozebâ 2 kg/ha was sprayed on 19 July, 8 August, 5 September
and 23 September.  The trial was harvested on 23 December 2005.  Total rainfall from May to 
December at Avondale was 388.2 mm.
RESULTS AND DISCUSSION
· Perfectly weed free conditions were not achieved in the untreated control plots.  The weeds like 
wild radish and crassula emerged with the crop.  Almost every week a hand weeding was done 
to keep the plots weed free, but still some weed competition is reflected in seed yield of 
untreated control plots across all the varieties (Table1).  The herbicide treatments kept the 
weeds reasonably under control and any weeds emerged in low density from time to time, were 
removed by hand weeding.  Thus the treatments comparison are made with Simazine 2.0 L/ha 
which has been safe to Kabuli chickpeas in past.
· Diuron 4 L/ha and Balanceâ 100 g/ha applied immediately post plant were tolerated well by all 
the varieties.  Diuron use in chickpea is not registered. 
· Lexoneâ 300 g/ha applied IPP gave significant yield reduction across all the varieties.  Almaz 
and Kaniva yield was also reduced by Lexoneâ 300 g/ha at Avondale during 2003. 
· Broadstrikeâ 25 g/ha was tolerated well by all the varieties except Almaz.  Almaz has tolerated 
this treatment in the previous trial at Avondale. Interestingly this variety tolerated Broadstrikeâ 
25 g/ha + Uptake, which is generally considered more phytotoxic than Broadstrikeâ alone.  Use 
of Uptake oil with Broadstrike in chickpeas is not registered.  
· Post-emergence use of Balanceâ in chickpeas is not registered, but all the varieties tolerated 
Simazine 2 L/ha (BS) followed by Balanceâ 100 g/ha at 4-6 node stage quite well. 
· Moderate yellowing was noticed from Diuron, Balanceâ and Broadstrikeâ treatments during the
early crop growth. 
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Table 1. Effect of herbicides on seed yield (% of Simazine 2 L/ha) of Kabuli chickpea
No.
Herbicides
Timing
Seed yield
05NO43 - Avondale Nafice Almaz Kaniva
1 Simazine 2 L (*) Before Seeding 1203
kg/ha
1363
kg/ha
1083
kg/ha
2 Lexone 300 g Immediately 71 72 64
3 Diuron 4 L Post Plant (IPP) 107 109 89
4 Balance 100 g " 86 108 97
5 (*) Balance100 g 4-6 nodes 87 97 87
6 (*) Broadstrike 25 g " 83 79 81
7 (*) Broadstrike 25 g + Uptake oil 0.25% " 70 85 85
8 Untreated control 62 75 66
lsd (0.05) Herbicides v/s Herbicides 23 20 25
lsd (0.05) Herbicides v/s Untreated 19 17 21
CV (%) 21 17 23
(*) Indicates Simazine 2 L/ha as basal treatment.
Figures in bold are significantly different from Simazine 2 L/ha.
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Timing of phenoxys application in EGA Eagle Rock
Harmohinder Dhammu1, Research Officer and David Nicholson2, Technical Officer,
Department of Agriculture, 1Northam and 2Geraldton
KEY MESSAGES
· EGA Eagle Rock showed good tolerance to high rates of phenoxys (e.g. 2,4-D ester (800) 0.7 L/
ha) applied at 6 to 7 leaf stage.
· Follow label recommendations for use of lower rates of phenoxys (e.g. MCPA up to 0.5 L/ha) in 
EGA Eagle Rock.
BACKGROUND 
A herbicide tolerance trial at Mullewa during 2004 demonstrated that EGA Eagle Rock has some 
sensitivity to high rates of phenoxy herbicides applied at the 5 to 6 leaf stage of the crop.  MCPA 
(amine) 2.0 L, 2,4-D amine (625) 1.3 L, 2,4-D ester (800) 0.7 L and Kambaâ (500) 0.5 L spayed at the 
label recommended timings (Z15-Z16) caused 17-31% yield reduction in this variety.  However, the 
herbicides containing lower rates (up to 0.5 L/ha) of MCPA or MCPA (amine and LVE) applied mixed 
with other herbicides, at earlier timings (Z13-Z14) caused no significant yield loss (Table 1).  The 
testing was done in the small plots (1 m x 3 m) only.
EGA Eagle Rock has its main fit in wheat-lupin rotation in Northern Agricultural Region due to use of 
metribuzin for brome grass control.  To manage wild radish and other broadleaf weeds, use of 
phenoxys is very important in all wheat varieties.
AIMS
· To evaluate the tolerance of EGA Eagle Rock to high rates of phenoxys at Z15-Z16 (Trial at 
Mullewa).
· To demonstrate the safe timing of phenoxys’ (high rates) application in EGA Eagle Rock (Trial at
Mingenew).
METHOD
Location and year Mullewa 2004 Mullewa 2005 Mingenew 2005
Soil type Sandy loam Clay loam Sandplain
Varieties tested EGA Eagle Rock and Wyalkatchem (standard variety).
Trial design Criss-cross, at Mingenew varieties were not randomised.
Plot size (Gross) 
and replications
1 m x 3 m, 3 reps 10 m x 3 m, 3 reps 15 m x 3 m, 3 reps
Sowing date 
Seeding rate
9 June
60 kg/ha
25 May
85 kg/ha
12 May
Eagle Rock 60 kg/ha
Wyalkatchem 100 kg/ha
Seeding machinery Knife points and press wheels.
Crop growth stage
Herbicides 
application date
Z15-Z16
19 July
Z15-Z16
7 July
Z16-Z16.5 Z16.5-Z17
26 June 1 July
Harvesting date 10 November 15 November 22 November
Total rainfall (mm):  
May-November
158.6 192.4 351.8
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During 2005 at Mullewa and Mingenew, at the time of treatment(s) spraying, 15 plants were selected 
randomly from each variety to work out mean number of leaves on the main stem and same plants 
were dissected to determine the ear head development stages.  
MCPA Amine and Ester up to 0.5 L/ha has been registered to use from 3 leaf stage to jointing stage 
(Z13-Z33) and from 0.5 L to 2.0 L/ha at Z15-Z33.  2,4-D Amine (625) up to 1.3 L, 2,4-D (800) up to 
0.7 L/ha and Dicamba (500) 0.28 L/ha have been recommended/registered to use from Z15 to Z33.
RESULTS AND DISCUSSION
· The plant dissection results from Mullewa (2005) indicated that at time of phenoxy herbicide 
application, EGA Eagle Rock had on an average 5.3 leaves on the main stem and plants were 
at double ridge stage of ear head development.  Wyalkatchem had on an average 5.4 leaves 
and plants were at advanced double ridge to glume primordium stage.  Wyalkatchem reaches 
double ridge stage at 4.1-4.9 leaves (Dhammu et al. Weeds Updates, 2004).  The double ridge 
is the stage in the ear head development of cereals where the cells change from producing 
leaves and begin to form the ear.  The cereals have been reported to be most sensitive to 
phenoxy/hormone type of herbicides at double ridge stage.
· The plant dissection results from Mingenew trial indicated that at Z16-Z16.5 and Z16.5-Z17, 
plants of both the varieties were well advance of double ridge stage.  Majority of the plants were
at floret primordium stage to terminal spikelet stage.  At these advance stages of ear head 
development, the cereal plants had been observed to tolerate phenoxy herbicides better than at 
double ridge stage.
· The grain yield data from Mullewa 2005 trial (Table 1) indicate that none of the phenoxy 
herbicides had any significant negative effect on EGA Eagle Rock.  These results are in contrary
to the 2004 Mullewa trial results.  The earlier work conducted on ‘Phenoxy Herbicides Timings - 
Their Effect on Wheat’ during 2000 and 2001 indicated that application of phenoxy herbicides to 
moisture stressed plants at a double ridge stage (sensitive stage) could cause yield reduction in 
wheat varieties (Dhammu et al. Weeds Updates, 2004).  So it is quite possible that during 2004 
at Mullewa, application of higher rates of phenoxy herbicides at the sensitive stage of ear 
development x environmental stress interaction, might have caused significant yield reduction in
EGA Eagle Rock.
· The grain yield data from Mingenew trial (Table 2) indicate that EGA Eagle Rock tolerated 
double the registered rate of MCPA (amine and LV ester), 2,4-D (amine) and dicamba (almost 
double).  2,4-D (ester) at double the recommended rate (1.4 L/ha) caused significant yield 
reduction in both the varieties at one timing of application (Z16.5 to Z17).  Interestingly, EGA 
Eagle Rock showed better tolerance to dicamba than Wyalkatchem at Mingenew.
· For the improved crop safety, it is suggested to use high rates of phenoxys (e.g. 2,4-D ester 
(800) 0.7 L/ha) at the earliest time at 6 to 7 leaf stage, instead of at 5-6 leaves (label 
recommendations) in EGA Eagle Rock.  At 6-7 leaf stage, EGA Eagle Rock had passed double 
ridge stage and tolerated double the registered rates of most of phenoxy herbicides tested.  This
suggestion is also in line with the earlier recommendations for phenoxy use in other wheat 
varieties that addition of one leaf to the number of leaves present at double ridge stage, is the 
earliest time at which higher rates of the phenoxy herbicides can be applied to minimise the ear 
head deformities and/or yield reduction.
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Table 1. Effect of treatments on grain yield (% of untreated control) on wheat varieties at Mullewa (MW)
No. Herbicides (rate/ha) Timing EGA Eagle Rock WyalkatchemMW 04 MW 05 MW 04 MW 05
1 Untreated control          >>>> >> kg/ha 1207 1714 1126 2119
2 Paragon® 375 mL Z13-Z14 106 101 100 101
3 Tigrex® 1.0 L " 94 107 108 107
4 Buctril® MA 1.4 L " 104 101 97 97
5 Affinity® 50 g + MCPA (amine) 0.5 L " 105 98 99 106
6 Eclipse® 5 g + MCPA LVE 0.5 L " 87 101 97 104
7 Diuron 0.5 L + 2,4-D (amine) 0.2 L " 91 NT 91 NT
8 Diuron 0.5 L + MCPA (amine) 0.5 L " NT 99 NT 107
9 MCPA (amine) 2 L Z15-Z16 82 103 97 100
10 2,4-D (amine) 1.3 L " 81 99 91 95
11 2,4-D (ester) 0.7 L " 83 100 87 96
12 Dicamba 0.5 L " 69 99 85 98
lsd (0.05) Herbicides v/s Untreated 17 8 18 7
CV (%) 12 7 14 6
In treatment 5, 8 and 9 MCPA (amine) 500, treat 7 and 10 2,4-D (amine) 625, treat 11 2,4-D (ester) 800 and treat 
12 Dicamba 500 were used.
Table 2. Effect of treatments on grain yield (% of untreated control) of wheat varieties at Mingenew 
(05NO49)
No. Herbicides (rates/ha) Timing EGA Eagle Rock Wyalkatchem
1 Untreated control " 100 100
2 MCPA amine 0.5 L Z16-Z16.5 98 103
3 MCPA amine 2.0 L " 97 97
4 MCPA amine 4.0 L " 100 102
5 MCPA amine 0.5 L Z16.5-Z17 99 107
6 MCPA amine 2.0 L " 98 98
7 MCPA amine 4.0 L " 97 101
8 MCPA LVE  0.5 L Z16-Z16.5 101 102
9 MCPA LVE 2.1 L " 99 100
10 MCPA LVE  4.2 L " 99 102
11 MCPA LVE  0.5 L Z16.5-Z17 100 101
12 MCPA LVE 2.1 L " 101 103
13 MCPA LVE  4.2 L " 97 96
14 2,4-D amine 0.65 L Z16-Z16.5 94 98
15 2,4-D amine 1.3 L " 94 97
16 2,4-D amine 2.6 L " 97 99
17 2,4-D amine 0.65 L Z16.5-Z17 98 95
18 2,4-D amine 1.3 L " 99 100
19 2,4-D amine 2.6 L " 95 99
20 2,4-D ester  0.35 L Z16-Z16.5 97 94
21 2,4-D ester  0.7 L " 98 98
22 2,4-D ester 1.4 L " 95 100
23 2,4-D ester 0.35 L Z16.5-Z17 102 103
24 2,4-D ester  0.7 L " 95 96
25 2,4-D ester 1.4 L " 93 92
26 Dicamba 0.25 L Z16-Z16.5 102 100
27 Dicamba 0.5 L " 99 93
28 Dicamba  1 L " 94 93
29 Dicamba 0.25 L Z16.5-Z17 103 103
30 Dicamba 0.5 L " 99 91
31 Dicamba  1 L " 94 83
lsd (0.05) 5 6
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CV (%) 4 6
In the trial MCPA (amine) 500, MCPA LVE 500, 2,4-D (amine) 625, 2,4-D (ester) 800 and Dicamba 500 
formulations were used.
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Herbicide tolerance of new wheat varieties
Harmohinder Dhammu1, Research Officer and David Nicholson2, Technical Officer,
Department of Agriculture, 1Northam and 2Geraldton
KEY MESSAGES
· EGA Eagle Rock showed good tolerance to all the herbicides/herbicide mixtures tested, similar 
to Wyalkatchem.
· Tammarin Rock and WAWHT 2524 continue to show good tolerance to commonly used wheat 
herbicides except Decisionâ which reduced grain yield of Tammarin Rock and Paragonâ which 
reduced grain yield of WAWHT 2524 significantly. 
· At the dosages higher than the registered rates, GBA 0009H showed sensitivity to dicamba and 
WAWHT 2773 to diuron + Dualâ.
AIMS
To evaluate the herbicide tolerance of potential and recently released wheat varieties.
METHOD
Six wheat varieties (EGA Eagle Rock, TammarinRock, WAWHT 2524, WAWHT2773, GBA 0009H, 
Wyalkatchem) were sown on 25 May 2005 at Mullewa Research Station, on a red sandy loam soil 
(pH (Cacl2) 5.4 and OC 0.49%) in 7.5 m wide parallel strips (exception - EGA Eagle Rock had 10 m 
wide strips).  85 kg/ha of each wheat variety was sown with knife points followed by press wheels.  
100 kg/ha Agstarâ was applied with the seed.  A range of herbicide treatments were applied across 
these strips in three randomized blocks, before seeding, 2-3, 3-4 and 5-6 leaf stage on 25 May, 
14 June, 20 June and 7 July, 2005, respectively.  The soil was dry at the time of seeding, but 35 mm 
rain fell with in three weeks of crop planting which was sufficient for uniform crop emergence and good
pre-emergent herbicide activities.  The crop was top dressed with 80 kg/ha Urea on 22 June.  To 
control low density wild radish Bromicideâ (200) at 2 L/ha was applied on 28 June as blanket spray.  
To control yellow leaf spot disease 250 mL/ha of Tiltâ was applied on 12 July.  The trial was harvested 
on 15 November 2005. Total rainfall from May to November at Mullewa was 192.4 mm.
In the trial, higher than label rates of Dualâ and dicamba were used as the highest registered rates of 
these products (either alone in mixture with other herbicides) provide poor weed control.  The main 
aim was to test the herbicide tolerance limits of new varieties further to help change the labels for 
better weed control in wheat.
RESULTS
The effect of herbicides during early crop growth, at flowering and on seed yield (Table 1) of wheat 
varieties is as follows:
· Jaguar® Tigrex® and Paragonr® caused slight spotting/bleaching of the leaves exposed to 
spray across all the varieties.  Paragonâ reduced grain yield of WAWHT 2524 significantly. 
· Glean® resulted into 5-10% biomass reduction across all the varieties, but there effects were 
not translated into significant yield reduction in any of the varieties. 
· Dicamba caused drooping leaves/flaccidity across all the varieties, but resulted in significant 
yield reduction in GBA 0009H only. 
· Diuron + Dualâ, Decisionâ and Allyâ did not produce any visual symptoms in any of the 
varieties, but resulted in significant yield reduction in WAWHT 2773, Tammarin Rock and 
GBA 0009H, respectively.
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DISCUSSION
· Yield reduction in Tammarin Rock and WAWHT 2524 by Decisionâ and Paragonâ, respectively 
are in contrary to the previous trial results.  Further more testing of these varieties is required to 
see whether results are consistent or not.
· WAWHT 2773 has shown some sensitivity to diuron + Dualâ and GBA 0009H to Allyâ and 
dicamba.  The grain yield of Wyalkatchem - a stranded wheat variety, was not reduced 
significantly by these herbicides.  WAWHT 2773 and GBA 0009H were not tested in the 
previous trials, thus needs further more testing to confirm the results. 
· Axialâ (pinoxaden) is a Group “A “herbicide for control of phalaris, wild oats and suppression of 
ryegrass in wheat and barley.  Axialâ belongs to phenylpyrazolin class of organic chemicals.  
The chemical structure is different from existing Group A grass selectives, as it is neither a ‘fop’ 
or a ‘dim’ but is a ‘den’ molecule.  All the varieties showed good tolerance to this herbicide.  
· A14429B and GF-1571 are the developmental herbicides, mainly for ryegrass and broadleaf 
weed control, respectively.  All the wheat varieties showed good tolerance to these herbicides. 
GF-1571 is expected to be available in market for 2007 cropping season.
KEY WORDS
wheat, wheat, herbicide, tolerance
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Table 1. Effect of herbicides on grain yield (% of untreated control) of wheat varieties at Mullewa (05NO47)
No. Herbicides (rate/ha) Timing EGA Eagle Rock Tammarin Rock WAWHT 2524 WAWHT 2773 GBA 0009H Wyalkatchem
  1 Untreated control               >>>> kg/ha 1714 2036 2037 2184 1965 2119
  2 Glean® 20 g Before 97 106 104 101 93 103
  3 Logran® B-Power® 50 g + Hasten® 0.5% v/v seeding 98 103 103 97 105 106
  4 Stomp® 330 1.8 L " 98 102 103 98 102 103
  5 Triflur® X 2 L " 104 109 102 104 99 102
  6 Dual® 2 L " 96 99 93 97 98 101
  7 Diuron 1 L + Dual® 2 L " 102 103 97 91 96 97
  8 A14429B 2.5 L " 99 102 105 99 104 101
  9 Axial® 300 mL + Adigor 0.5% Z12-Z13 109 103 103 105 98 98
10 Achieve® WG 380 g + Supercharge® 0.75% " 102 103 114 105 100 98
11 Jaguar® 1.0 L " 107 103 105 100 104 104
12 Monza® 25 g + D C Trate 2% v/v " 97 102 103 100 95 100
13 Hoegrass® (375) 2 L + BS 1000 0.25% " 101 105 100 99 100 97
14 Decision® 1 L + Hasten® 1% + Twin Zn 350 mL " 99 92 109 101 101 106
15 Hoegrass® 200 mL + Achieve® 200 g " 101 100 104 107 102 108
16 Ally® 5 g + BS 1000 0.25% Z13-Z14 105 100 102 98 92 104
17 Atlantis® 330 mL + Hasten® 0.5% " 100 101 99 99 95 102
18 Broadside® 1 L " 106 103 102 106 103 104
19 Hussar® 200 g + BS 1000 0.25% " 99 105 100 103 101 100
20 Metaven® L 3 L " 104 104 95 100 104 97
21 Paragon® 375 mL " 101 101 89 100 103 101
22 Tigrex® 1 L " 107 103 104 98 99 107
23 Buctril® MA 1.4 L " 101 97 98 94 101 97
24 Affinity® 50 g + MCPA  500 (amine) 0.5 L " 98 102 102 100 103 106
25 Eclipse® 5 g + MCPA LVE 0.5 L 101 104 97 100 105 104
26 Diuron 0.5 L + MCPA  500 (amine) 0.5 L 99 103 95 103 102 107
27 GF-1571 100 mL " 101 102 97 102 103 101
28 MCPA amine (500) 2 L Z15-Z16 103 97 99 102 103 100
29 2,4-D amine (625) 1.3 L " 99 100 105 104 101 95
30 2,4-D ester (800) 0.7 L " 100 101 100 107 102 96
31 Dicamba (500) 0.5 L " 99 100 100 98 92 98
lsd (0.05) Herbicides v/s Untreated 8 7 7 6 7 7
CV (%) 7 6 6 6 6 6
Adigor® used with treatment 9, is methylated canola oil; treatment 15 was applied with Supercharge® 0.75% and Treat 25 with Uptake® oil 0.5%.
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Lathyrus sativus x herbicide tolerance
Mark Seymour, Department of Agriculture, Esperance, Western Australia
KEY MESSAGES
· Lathyrus sativus tolerates a wide range of herbicides at sowing – including cyanazine, diuron, 
metribuzin and imazethapyr.
· Flumetsulam and imazamox are safe to use post emergent.
· Flumetsulam is the only registered herbicide for use in Lathyrus sativus.
BACKGROUND
In 2005 CLIMA released Ceorab, the first grass pea (Lathyrus sativus) cultivar to be bred and released 
in Australia.  It is an annual legume with a growth habit similar to field pea, and is intended to fulfil a 
multi-purpose role as a low cost, low input grain legume, green forage species, hay or green manure 
crop.
The species is reputed for its hardy nature with superior tolerance to waterlogging and infertile soils 
compared to most other legume species.  It is relatively drought tolerant, disease resistant and can 
withstand moderate frost.
With Ceora’s release has seen a demand from seed producers and farmers for information regarding 
which herbicides to use.  Whilst the information on tolerance of lathyrus is in the public record it is not 
in one place and is not available on the web. 
AIMS
To summarise the trial information available in WA on the herbicide tolerance of Lathyrus sativus.
METHOD
Trial results from previous experiments were sourced and summarised.
Table 1. Trial details of herbicide tolerance x grain legume species trials which included
Lathyrus sativus
Trial no. 97MW3 98ME110
Location Mullewa - Mike Thomas farm - south of and 
adjoining Mullewa Research Station Merredin
Officers Piper, T.J., Bowran, D.G., Roberts, B.H. Piper, T.J., Roberts, B.H.
Paddock/soil type Red loam  Merredin:  red clay loam
Line or cultivar used Not specified Not specified
Seeding system Not specified Not specified
Weed comments Relatively high density of wild mustard Weedy site
Seasonal comments Good wet season Good start dry spring
Rainfall (mm)
May 21 31
June 27 71
July 60 55
August 53 39
September 26 17
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RESULTS
Herbicides at sowing
In both years no herbicide caused sufficient damage to reduce yields below 1 t/ha.  Both sites had 
sufficient weeds present that yields would have been increased by most herbicides in the absence of 
crop damage, such that as a percentage of the unsprayed plots no herbicide significantly reduced the 
grain yield of Lathyrus sativus.  
Herbicides at sowing which maximised yield in both years, and therefore can be assumed to control 
weeds without causing too much damage to the crop included cyanazine 1000 g ai/ha, and metribuzin 
112 g ai/ha + diuron 750 g ai/ha.  Other treatments which were safe and controlled weeds but were 
only tested in one year were the three way mix of imazethapyr 24 g ai/ha + metribuzin 112 g ai/ha + 
diuron 500 g ai/ha, diuron 1000 g ai/ha + 2,2-DPA 740 g ai/ha, and napropamide 2000 g ai/ha.  Both 
imazethapyr 48 g ai/ha and diuron 1000 g ai/ha were safe and effective in 1997 but yielded no more 
than the untreated control plots in 1998.
None of the herbicides tested at sowing are registered in Australia for use in any Lathyrus species.
Post emergent herbicides
With weeds present at Mullewa in 1997, and no herbicide applied at sowing, both imazamox and 
flumetsulam performed creditably.  Imazamox treatments were amongst the highest yielding 
treatments.  Compared to imazamox, the dilflufenican/metribuzin mix reduced yield.  In 1998 there 
were no significant differences between the post emergent treatments.
DISCUSSION
We have a great deal of experience with cyanazine (usually in combination with trifluralin) in numerous
species comparison trials where Lathyrus sativus was grown successfully throughout WA on a range 
of soil types.  In most instances it provided adequate control and it was only when the seed was sown 
shallow that damage occurred to seedlings, and Lathyrus sativus usually grew out of any damage.  
Cyanazine (Bladexâ) is relatively expensive and rarely used by pulse growers in WA.  Therefore they 
would more readily choose the cheaper metribuzin + diuron option.  In high weed burden situations it 
may be tempting to increase the rates of either of these two chemicals, but the trials indicate rates of 
metribuzin above 112 g ai/ha or diuron above 500 g ai/ha can on occasions reduce yield and it might 
be more prudent to add a low rate of imazethapyr (15-24 g ai/ha) which will have the added benefit of 
a picking up wireweed and widening the chemical groups used as part of a herbicide resistance 
management system.  
For post emergent weed control the options seem to be either flumetsulam or imazamox.  The choice 
is made easier in that Broadstrikeâ (flumetsulam 800 g/kg) is the only registered herbicide for the 
Lathyrus species in Australia.
To our knowledge there is no expectation that any company will register any further pesticides in 
Lathyrus sativus or any other Lathyrus species.
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Table 2. Effect of herbicides on seed yield (% of untreated) of Lathyrus sativus at 
Mullewa in 1997, 97MW3.  Values followed by the same letter are not 
significantly different (p = 0.05)
Herbicides Productrate/ha Timing
# Active ai/kg or L g ai/ha Grain yield(kg/ha)
1 Untreated 0 0 1093 Ef
2 Simazine 2000 IBS simazine 500 g 1000 1126 def
3 Bladex® 2000 IBS cyanazine 500 g 1000 1257 bcdef
4 Diuron 2000 IPP diuron 500 g 1000 1432 abc
5 Spinnaker® 200 IPP imazethapyr 240 g 48 1388 abcd
6 Lexone® 300 IPP metribuzin 750 g 225 1170 cdef
7 Lexone®/Diuron 150 + 1000 IPP metribuzin/diuron 750/500 112/500 1465 ab
8 Diuron/2,2-DPA 2000 + 1 kg IPP diuron/2,2-DPA 500/740 1000/740 1388 abcd
9 Devrinol® 4 kg IPP napropamide Probably500 g 2000 1333 abcde
10 Dual® 2000 IPP metolachlor 720 1440 1027 f
11 Broadstrike® 25 3 leaf flumetsulam 800 g 20 1279 bcdef
12 Brodal®/Lexone® 100 + 100 3 leaf diflufenican/metribuzin 500/750 50/75 1115 ef
13 RX41* 120 mL 120 3 leaf imazamox 120 14 1574 a
14 RX41 240 mL 240 3 leaf imazamox 120 29 1508 ab
* Reformulated and released as Raptorâ.
# IBS = applied before, and incorporated by, seeding.  IPP = applied immediately post planting.
Table 3. Effect of herbicides on seed yield (% of untreated) of Lathyrus sativus at 
Merredin in 1998, 98ME110
Herbicides Productrate/ha Timing
# Active ai/kg or L g ai/ha
Grain yield
(kg/ha)
1 Untreated 1359 abc
2 Bladex® 2000 IBS cyanazine 500 1000 1564 a
3 Simazine 2000 IBS simazine 500 1000 1250 bc
4 Diuron 2000 IPP diuron 500 1000 1330 bc
5 Spinnaker® 200 IPP imazethapyr 240 48 1186 c
6 Lexone® 300 IPP metribuzin 750 225 1322 bc
7 Lexone®/Diuron 150/1500 IPP metribuzin/diuron 750/500 112/750 1358 abc
8 Spinnaker®/Diuron 100/1000 IPP imazethapyr/diuron 240/500 24/500 1234 bc
9 Spinnaker®/Lexone® 100/150 IPP imazethapyr/metribuzin 240/750 24/112 1281 bc
10 Spinnaker®/Lexone®/
Diuron
100/100/
1000 IPP
imazethapyr/
metribuzin/diuron
240/750
/500
24/112/
500 1442 ab
11 Visor®* 500 IPP thiazopyr 240 g 120 1286 bc
12 Broadstrike®* 25 3-4 leaf flumetsulam 800 20 1327 bc
13 Brodal®/Lexone®* 60/60 3-4 leaf diflufenican/metribuzin 500/750 30/45 1226 bc
14 Brodal® 200 3-4 leaf diflufenican 500 100 1169 c
# IBS = applied before, and incorporated by, seeding.
IPP = applied immediately post planting.
Treatments 11-14 also had Bladexâ @ 2 L/ha IBS.
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Tolerance of annual pasture species to herbicides 
and mixtures containing diuron
Christiaan Valentine and David Ferris, Department of Agriculture, Northam
KEY MESSAGES
Herbicide tolerance varies widely between legume species.  Although some herbicide mixtures can 
improve efficacy and broaden the spectrum of weeds controlled in sub. clover based pastures, results 
are not directly transferable to other pasture legume species. 
Diuron-Dual Goldâ (PSPE) mixtures and the addition of diuron spikes to Broadstrikeâ, Spinnakerâ 
and MCPA results in unacceptable damage to serradella and biserrula, and rose, crimson, Persian and
arrowleaf clovers.
AIMS
To evaluate the impact of different herbicides, herbicide rates and herbicide mixtures on pasture 
legume performance in the field.
To evaluate a range of herbicide rates and mixtures to identify more effective or cheaper options to 
suppress/kill weeds in legume based pastures.  
METHOD
A replicated, experiment was conducted at Northam, Western Australia in 2005 on a red brown loam 
soil with a pH (CaCl2) of 4.1.  A wide range of herbicide treatments was sprayed across 8 pasture 
legume cultivars and 3 advanced breeding lines.  The cultivars/lines evaluated were CadizA (French 
serradella), CefaluA (arrowleaf clover), CapreraA (crimson clover), Casbah and MauroA (biserrula), 
Dalkeith (subterranean clover), Hykon (rose clover), LightningA (Persian clover), Trifolium dasyurum 
(eastern star clover), Trifolium spumosum (bladder clover) and Trigonella balansae.  Pasture legume 
plots were sown with a cone seeder, at a depth of < 2 cm, with Harrington knife points, discs and press
wheels.  Seed was sown at 15 kg/ha (30 kg/ha CadizA) on the 11 May 2005, after a knockdown 
herbicide.  They were maintained in a relatively weed and insect free condition over the assessment 
period but were NOT grazed.  Post-sowing pre-emergent (PSPE) treatments were sprayed onto moist 
soil immediately after seeding, and post emergent (PE) treatments were sprayed at the 4–6 leaf stage 
(13 June).  Plots were 4 m2 in size, and similar, unsprayed (control) plots were located next to each 
treatment.  The impact of herbicide on pasture growth was visually assessed 6 weeks after the 
application of post emergent treatments and expressed as a percentage (%) of the unsprayed control.
RESULTS
Moist soil at seeding followed by 170 mm of rainfall during the first 7 weeks post seeding created very 
good conditions for pasture establishment and diuron, simazine, Dual Goldâ and Spinnakerâ activity.
Dual Goldâ (500 mL) was tolerated by all of the cultivars/lines evaluated.  However, the addition of 
diuron (750-1500 mL) was very damaging to new pasture legume species.  Even though sub. clover 
was the least affected species at these rates (48-61% of control), this level of damage would rarely be 
acceptable.  The results also suggested that diuron Dual Goldâ mixtures may be antagonistic. 
In general the addition of a diuron spike (200 mL) to Broadstrikeâ or MCPA – which has been used to 
improve control of doublegee, capeweed and Patterson’s curse in sub. clover based pastures 
(unregistered) – increased damage across most of the cultivars/lines evaluated.  Rose clover 
appeared to have useful tolerance to the MCPA-diuron and Spinnakerâ-diuron mixtures, and 
Trigonella balansae appeared to tolerate the Broadstrikeâ-diuron and Spinnakerâ-diuron mixtures. 
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While most species displayed early superficial leaf bleaching in response to Tigrexâ at 500 mL/ha, 
much less damage was recorded in this trial compared with previous trials in all cultivars/lines tested 
except CadizA which was severely affected.
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Table 1. Visual ratings of herbage production 6 weeks after PE sprays (% of unsprayed 
controls).  Shaded results show acceptable damage (26 July)
Ti
m
in
g
G
ro
up Herbicide (rate/ha)
Sub.
clover Serradella Biserrula Rose clover
Dalkeith CadizA Casbah MauroA Hykon
PS
PE
B Spinnaker® 70 g 74 95 54 58 69
B Spinnaker® 140 g 62 92 36 33 62
C Diuron 1500 mL 59 31 20 13 14
K/C Dual Gold® 500 mL 94 98 98 90 98
K/C Dual Gold® 500 mL + Diuron 750 mL 48 17 8 6 17
K/C Dual Gold® 500 mL + Diuron 1500 mL 61 45 45 33 8
Po
st
 e
m
er
ge
nt
B Broadstrike® 25 g + oil 82 87 0 0 59
B/C Broadstrike® 25 g + Diuron 200 mL + oil 44 41 0 0 25
B Raptor® 45 g + oil + ammonium sulphate 74 89 19 20 75
B/C Raptor® 15 g + Bromoxynil 370 mL + wet 86 95 62 66 66
B Spinnaker® 85 g + wet 71 74 18 38 71
B/C Spinnaker® 50 g + Diuron 300 mL + ammoniumsulphate 65 60 27 38 68
C Bromoxynil 1500 mL 73 89 73 76 22
C Simazine 1500 mL 82 23 19 51 62
F/I Tigrex® 500 mL# 73 39 81 82 88
I MCPA (500 ai) amine 750 mL 75 33 24 21 81
I/C MCPA 750 mL + Diuron 200 mL 61 18 13 13 76
lsd (p < 0.05) 21.7 19.5 25.4 25.4 20.3
Table 1 continued …
Ti
m
in
g
G
ro
up Herbicide (rate/ha)
Crimson
clover
Persian
clover
Arrowleaf
clover New species under evaluation
Caprera
A
Lightning
A CefaluA
Eastern
star
clover
Bladder
clover
Trigonella
balansae
PS
PE
B Spinnaker® 70 g 82 82 66 64 57 83
B Spinnaker® 140 g 67 56 27 55 41 59
C Diuron 1500 mL 7 12 7 23 7 44
K Dual Gold® 500 mL 95 79 95 94 91 86
K/C Dual Gold® 500 mL + Diuron 750 mL 4 2 9 26 7 31
K/C Dual Gold® 500 mL + Diuron 1500 mL 6 11 5 41 31 42
Po
st
 e
m
er
ge
nt
B Broadstrike® 25 g + oil 91 78 76 49 80 85
B/C Broadstrike® 25 g + Diuron 200 mL + oil 51 33 28 19 34 71
B Raptor® 45 g + oil + ammonium sulphate 66 34 38 21 31 73
B/C Raptor® 15 g + Bromoxynil 370 mL + wet 77 72 51 42 58 90
B Spinnaker® 85 g + wet 53 46 49 31 39 71
B/C Spinnaker® 50 g + Diuron 300 mL + ammonium sulphate 77 27 18 58 11 63
C Bromoxynil 1500 mL 51 22 22 29 64 43
C Simazine 1500 mL 56 49 12 62 24 76
F/I Tigrex® 500 mL 83 92 92 62 82 89
I MCPA (500 ai) amine 750 mL 60 38 71 43 47 34
I/C MCPA (500 ai) amine 750 mL + Diuron 200 mL 55 27 26 24 12 23
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lsd (p < 0.05) 23.4 22.4 20.3 25.6 25.4 22.6
Note - Results for Tigrex® appear less severe than in previous trials.
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CONCLUSION
CadizA displayed useful tolerance to Broadstrikeâ, Spinnakerâ, Raptorâ and bromoxynil.  It was the 
most tolerant cultivar/line to Spinnakerâ PSPE at 140 g/ha.  However, CadizA was very sensitive to 
the less expensive herbicide options and mixtures evaluated including, diuron, MCPA, Tigrexâ and 
simazine.
In general, the biserrula varieties Casbah and MauroA responded similarly to the range of herbicides 
evaluated.  Interestingly, MauroA appeared to be more tolerant than Casbah to simazine at 
1500 mL/ha across all 3 replicates (51% of control).  In previous trials, simazine at lower rates 
(500-750 mL/ha) has resulted in acceptable to moderate damage to Casbah though the response is 
variable.  If greater tolerance by MauroA is substantiated this may prove useful in some 
circumstances.  Acceptable levels of damage to Casbah and MauroA (especially in first year pastures)
was confined to bromoxynil and Dual Goldiâ.  The next least damaging herbicide treatments were 
Spinnakerâ at 70 g/ha (PSPE) and the Raptorâ 15 g/ha + bromoxynil 370 mL/ha mixture.
Hykon rose clover displayed good tolerance to most herbicide treatments.  Hykon appeared to have 
good tolerance to Raptorâ, Dual Goldâ, MCPA, Tigrexâ, Spinnakerâ (PE) and even the 
Spinnakerâ/diuron and MCPA/diuron mixtures.  Some sensitivity to Spinnakerâ (PSPE) was evident 
which is consistent with previous trial results.  However, Broadstrikeâ caused greater damage in 
replicate 1 and 2 of this trial (50% damage) than in replicate 3 (22% damage) or previous trials.  
Bromoxynil at 1500 mL/ha was very damaging; diuron and the Broadstrikeâ/diuron mixture also 
caused a severe reduction in biomass.
CapreraA appears to be tolerant of Dual Goldâ, Broadstrikeâ, Tigrexâ and Spinnakerâ (PSPE) at the
lower rate of 70 g/ha.  The reaction of CapreraA to most other post emergent chemicals though not 
severe (50 to 70% of the control) would probably not be acceptable in most situations especially low 
density first year pastures.  The higher rates of diuron (> 750 mL) applied PSPE were very damaging.  
To date there is very limited information available on herbicide tolerance of CapreraA crimson clover 
so these results should be treated with caution.
LightningA Persian clover was sensitive to most herbicides options evaluated in this trial.  LightningA 
had good tolerance to Broadstrikeâ, Tigrexâ, and the Raptorâ/bromoxynil mixture however, full rates 
of Raptorâ and bromoxynil were very damaging.  PSPE Dual Goldâ and PSPE Spinnakerâ at 70 g/ha
also showed acceptable levels of damage, but the higher PSPE rate of Spinnakerâ and the full post 
emergent rate of Spinnakerâ caused unacceptable losses.
CefaluA arrowleaf appeared to be tolerant to Broadstrikeâ, MCPA, Dual Goldâ (PSPE) and Tigrexâ, 
Previous trials have indicated that CefaluA may have useful tolerance to Tigrexâ.  Spinnakerâ PSPE 
caused moderate damage at 70 g/ha but severe damage at 140 g/ha.  All other herbicides options 
caused considerable loss of biomass, including Raptorâ, simazine, and mixtures containing diuron.  
Of the 3 advanced breeding lines (not yet released), only Trigonella balansae showed acceptable 
tolerance to Raptorâ and the lower PSPE or post emergent rates of Spinnakerâ.  All 3 lines showed 
little impact from Dual Goldâ.  Eastern star clover was sensitive to Broadstrikeâ, while bladder clover 
was very sensitive to simazine, diuron and mixtures containing diuron spikes.  
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The impact of herbicides on pasture legume species 
– a summary of scientific trial results across 8 years
Christiaan Valentine and David Ferris, Department of Agriculture, Northam
KEY MESSAGES
This paper summarises the results from 11 DAWA scientific field trials carried out between 1997 and 
2005 to evaluate the impact of herbicides on new pasture legume species.  The data is averaged 
across a range of soil types and seasons, and includes individual trial results as an indication of the 
consistency of response.  However, many of the treatments reported are not registered, so farmers 
and agronomists are advised not to make any decision solely on the basis of these experimental 
results.  Always refer to herbicide labels and seek specialist advice before applying herbicides to 
pastures.
Herbicides are an important tool for controlling weeds in pastures.  However, farmers and agronomists
face a complex matrix of herbicide decisions because product labels remain inadequate for new 
pasture species and results for sub. clover are not readily transferable to other pasture legume 
species. 
Environmental factors such as growing season, soil type, rainfall and grazing pressure can influence 
herbicide response especially for herbicides such as simazine where activity is related to soil moisture 
content.  
AIMS
To evaluate the tolerance (and sensitivity) of new and established pasture species to a wide range of 
herbicides, particularly those used for broadleaf weed control.
To evaluate the consistency of herbicide response across a range of soil types and seasons.
METHOD
Eleven replicated scientific trials were carried out between 1997 and 2005.  Trials sites were located in
the northern and central wheat belt and included a number of different soil types, ranging from a pale 
sand at Minginew (Mi), sandy loams at Goomalling (Go), Dowerin (Do1) and Quairading (Qu), and 
medium to heavy loams at Beverly (Be), Dowerin (Do2), Dongara (Dg), Northampton (Nh) and 
Northam (No).  At each site, pasture cultivars/lines were sown with a cone seeder and sprayed with a 
wide range of herbicide treatments either immediately after sowing (PSPE) or at the 3–6 leaf stage.  
The impact of herbicide on pasture performance was visually assessed 6 weeks after the application 
of the post-emergent sprays.  Plots were maintained in a relatively weed-free condition over the 
assessment period, but were NOT grazed.  
Further details on individual trials can be obtained from previous Crop Update articles (1998, 2000, 
2001, 2002, 2004, 2005) which are available on the Department web site http://www.agric.wa.gov.au.  
The acknowledgments section lists the authors contributing to the collective summary of results in this 
paper.
RESULTS
Tables 1–8 summarise visual ratings of herbage production for French serradella (CadizA), yellow 
serradella (CharanoA), biserrula (Casbah), gland clover (Prima), balansa clover (FrontierA), arrowleaf 
clover (CefaluA), sub. clover (Dalkeith), burr medics (Santiago, CavalierA, ScimitarA) and strand 
medic (HeraldA).  Results are expressed as a percentage (%) of the unsprayed control 6 weeks after 
the application of post-emergent sprays; light shading indicates a result greater than 70 per cent (less 
than 30% reduction in biomass).  Shading of herbicide options indicates registration in some 
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situations; refer to labels for details on appropriate conditions and rates.  Numbers in parenthesis 
indicate the number of scientific trials carried out with the particular cultivar/herbicide combination.
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Table1.
Timing Group French Serradella (CadizA) 97 97 99 00 01 02 03 03 05 Avg.
Herbicide Be Mi Go Do1 Do1 Dg Nh Qu No.
PS
PE
B Spinnaker® 200-250 mL 89 82 93 83 95 88 (5)
C Diuron (500 ai) 400-750 100 37 63 32 58 (4)
K Kerb® 500 mL 83 83 (1)
K Dual Gold® 500 mL 81 88 90 98 89 (4)
Po
st
 e
m
er
ge
nt
B Broadstrike® 25 95 97 96 78 74 72 98 90 87 87 (9)
B/C Broadstrike® 25 g + Diuron 85 72 76 68 68 72 62 41 68 (8)
B Raptor® 40-50 g 64 87 98 90 89 85 (5
B/C Raptor® 15-22 g + Bromoxynil 74 95 86 (2)
B Spinnaker® 250-300 mL 95 92 57 64 57 88 74 75 (7)
C Bromoxynil 1500-2000 mL 85 81 61 58 76 80 89 76 (7)
C Simazine (500 ai) 500-1000 mL 75 45 83 73 40 92 41 64 (7)
F Brodal® 150 mL 47 94 71 (2)
F/C Jaguar® 500 mL 85 35 54 52 17 74 42 51 (7)
F/I Tigrex® 400-500 mL 50 45 44 21 30 18 3 36 39 32 (9)
I 2,4-D (625 ai) amine 500 mL 30 30 (1)
I MCPA (500 ai) amine 750 mL 23 31 54 33 35 (4)
K Kerb® 500-1500 mL 100 91 98 96 (3)
The hard seeded French serradella cultivars EricaA and MargaritaA were included in trials at 
Northampton and Quairading in 2003.  Both cultivars displayed similar tolerance to CadizA with the 
range of herbicides tested.
CadizA displays reasonable tolerance to Spinnakerâ (PSPE), Broadstrikeâ and Raptorâ, but is very 
sensitive to simazine, Jaguarâ, Tigrexâ and phenoxy herbicides. 
Note the response of Cadiz to diuron and simazine is highly variable between sites and years.
Table 2.
Timing Group
Yellow Serradella (CharanoAa +
YelbiniAb) 97 99 00 01 03 03 Avg
Herbicide Mia Goa Do1a Do1a Nhb Qua
PS
PE
B Spinnaker® 250-300 mL 90   83 77 94 78 84 (5)
C Diuron (500 ai) 400-750 mL 95   61 54     70 (3)
K Dual Gold® 500 mL     77 83 75   78 (3)
Po
st
 e
m
er
ge
nt
B Broadstrike® 25 g   85 77 54 88 76 76 (5)
B/C Broadstrike® 25 g + Diuron (500 ai)     80 48 63 69 65 (4)
B Raptor® 25-45 g       75 85 73 78 (3)
B/C Raptor® 22 g + Bromoxynil 750 mL       78     78 (1)
B Spinnaker® 150-300 g 100 77 48 67 78   74 (5)
C Bromoxynil 1500-2000 mL   77 77 65 70 75 73 (5)
C Simazine (500 ai) 500-1000 mL 65 72 57 56 72 45 61 (6)
F Brodal® 150 mL       25   71 48 (2)
F/C Jaguar® 500-550 mL 60 42 26 35 60 36 43 (6)
F/I Tigrex® 400-500 mL 50 31 28 23 37 32 34 (6)
I 2,4-D (625 ai) amine 500 mL           62 62 (1)
I MCPA (500 ai) amine 750-1000 mL   18 30 22 36 49 31 (5)
K Kerb® 500-1500 mL 100   94   94   96 (3)
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The yellow serradella cultivar SantoriniA was also trialled in 1997 and 2000, and showed similar 
tolerance to the range of herbicides as CharanoA and YelbiniA.
In general yellow and French serradella responded similarly to the herbicides tested.
Table 3.
Timing Group
Biserrula (Casbah) 97 99 00 00 01 02 03 05
Avg.
Herbicide Be Go Do1 Do2 Do1 Dg Nh No.
PS
PE
B Spinnaker® 200-300 mL     15 69 61 55 69 54 54 (6)
C Diuron (500 ai) 750 mL     37 63 37 53   77 53 (5)
K Kerb® 500 mL           69     69 (1)
K Dual Gold® 500 mL     85 67 73 73 49 98 74 (6)
Po
st
 e
m
er
ge
nt
B Broadstrike® 25 g 10 7 13 16 3 3 1 0 7 (8)
B/C
Broadstrike® 25 g + Diuron (500 ai) 
100-200 mL 10   26 15 3 0 0 0 8 (7)
B Raptor® 40-50 g         36 30 56 19 35 (4)
B/C
Raptor® 15-22 g + Bromoxynil 
370-750 mL         76     62 69 (2)
B Spinnaker® 250-300 mL   49 10 17 32 22 30 18 25 (7)
C Bromoxynil 1500-2000 mL   65 70 75 62 65 70 73 69 (7)
C Simazine (500 ai) 600-1500 mL 90 89 80 83 24   73 19 65 (7)
F Brodal® 150 mL         52       52 (1)
F/C Jaguar® 500-550 mL 80 51 52 51 37 30 50   50 (7)
F/I Tigrex® 400-500 mL 45 53 48 47 21 54 33 81 48 (8)
I MCPA (500 ai) amine 750-1000 mL 35 23 14 28 26 32 25 24 26 (8)
K Kerb® 500-1500 mL     91 72     65   76 (3)
MauroA biserrula was trialed in 2005 and generally showed similar tolerance to CasbahA to the range 
of herbicides evaluated. 
Biserrula appears to be sensitive to most of the herbicide options tested, and was particularly sensitive
to Broadstrike.  It has consistently shown reasonable tolerance to bromoxynil. 
Biserrula appeared to have useful tolerance to simazine at rates < 750 mL but impacted on herbage 
production in 2001 and 2005 when rates greater than 1000 mL were used.  Interestingly MauroA 
appeared to be more tolerant of simazine in 2005 at Northam (see crop update 2006 article) but this 
requires further evaluation. 
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Table 4.
Timing Group
Gland clover (Prima) 99 00 01 02 03 03 04
Avg.
Herbicide Go Do2 Do1 Dg Nh Qu No.
PS
PE
B Spinnaker® 200-300 mL   80 84 81 90 87 97 87 (6) ((6)
C Diuron (500 ai) 750 mL   84 40 39       54 (3)
K Kerb® 500 mL       74       74 (1)
K Dual Gold® 500 mL   84 81 76 73   98 82 (5)
Po
st
 e
m
er
ge
nt
B Broadstrike® 25 g 100 91 80 80 85 83 98 88 (7)
B/C
Broadstrike® 25 g + Diuron (500 ai) 
100-200 g   94 64 57 45 48 42 58 (6)
B Raptor® 40-50 g     69 62 80 76 88 75 (5)
B/C Raptor® 22 g + Bromoxynil 750 mL     79       81 80 (2)
B Spinnaker® 250-300 mL 85 66 73 46 75     69 (5)
C Bromoxynil 1500-2000 mL 43 32 54 32 61 54 58 48 (7)
C Simazine (500 ai) 600-1000 mL 65 78 43   58 58 90 65 (6)
F Brodal® 150 mL     54     82   68 (2)
F/C Jaguar® 500-550 mL 19 34 40 24 40 32   32 (6)
F/I Tigrex® 400-500 mL 63 76 73 49 55 49 64 61 (7)
I 2,4-D (625 ai) amine 500 mL           32 27 30 (2)
I MCPA (500 ai) amine 750-1000 mL 59 58 71 74 80 87 68 71 (7)
K Kerb® 500-1500 mL   88     94     91 (2)
Gland clover showed good tolerance to MCPA, but unlike serradella and sub. clover appears very 
sensitive to bromoxynil.
Table 5.
Timing Group
Balansa clover (FrontierA) 99 00 01 02 03 04
Avg.
Herbicide Go Do Do Dg Nh No.
PS
PE
B Spinnaker® 200-300 mL   66 73 65 91 83 76 (5)
C Diuron (500 ai) 750 mL   73 23 12     36 (3)
K Kerb® 500 mL       75     75 (1)
K Dual Gold® 500 mL   89 68 71 34 58 64 (5)
Po
st
 e
m
er
ge
nt
B Broadstrike® 25 g 94 74 57 73 71 86 76 (6)
B/C
Broadstrike® 25 g + Diuron (500 ai) 
100-200 g   83 45 59 43 37 53 (5)
B Raptor® 40-50 g     75 73 77 79 76 (4)
B/C Raptor® 22 g + Bromoxynil 750 mL     67     46 57 (2)
B Spinnaker® 250-300 mL 84 60 80 58 70   70 (5)
C Bromoxynil 1500-2000 mL 55 29 44 22 60 43 42 (6)
C Simazine (500 ai) 600-1000 mL 78 78 28   43 96 65 (5)
F Brodal® 150 mL     77       77 (1)
F/C Jaguar® 500-550 mL 58 50 47 46 52   51 (5)
F/I Tigrex® 400-500 mL 91 78 39 72 67 73 70 (6)
I 2,4-D (625 ai) amine 500 mL           39 39 (1)
I MCPA (500 ai) amine 750-1000 mL 50 55 62 81 83 84 69 (6)
K Kerb® 500-1500 mL   92     89   91 (2)
The balansa clover cultivar ParadanaA was tested in 1999 at Goomalling.  Tolerances to the range of 
herbicides tested were consistent with FrontierA.  FrontierA has displayed good tolerance to Tigrex® 
and Raptor®, while Dual Gold® and simazine results have been variable.  Bromoxynil and bromoxynil 
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spikes have been shown to be damaging.  The registration for Dual Gold® is for the cultivar 
ParadanaA only.
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Table 6.
Timing Group
Arrowleaf clover (CefaluA) 99 00 05
Avg.
Herbicide Go Do No.
PS
PE
B Spinnaker® 200-300 mL   24 66 45 (2)
C Diuron (500 ai) 750 mL   35 77 56 (2)
K Dual Gold® 500 mL   76 95 86 (2)
Po
st
 e
m
er
ge
nt
B Broadstrike® 25 g 95 83 76 85 (3)
B/C Broadstrike® 25 g + Diuron (500 ai) 100-200 mL   63 28 46 (2)
B Raptor® 45 g     38 38 (1)
B/C Raptor® 15 g + Bromoxynil 370 mL     51 51 (1)
B Spinnaker® 250-300 mL 81 75 49 68 (3)
C Bromoxynil 1500 mL 26 58 22 35 (3)
C Simazine (500 ai) 750-1500 mL 59 50 12 40 (3)
F/C Jaguar® 500 mL 35 47   41 (2)
F/I Tigrex® 400-500 mL 76 63 92 77 (3)
I MCPA (500 ai) amine 750-1000 mL 52 54 71 59 (3)
K Kerb® 1500 mL   92   92 (1)
CefaluA displayed high sensitivity to most of the herbicides tested, but appears to have good tolerance
to Tigrex® and Broadstrike®.  The registration for Tigrex® though, is only relevant for Zulu Arrowleaf 
clover, which has not been included in any of these trials.
Table 7.
Timing Group
Subterranean clover (Dalkeith) 97 99 00 01 03 03 04 05
Avg.
Herbicide Be Go Do1 Do1 Nh Qu No No.
PS
P E
B Spinnaker® 200-250 mL       82 65 77 83 74 76 (5)
C Diuron (500 ai) 500-750 mL     78 52       85 72 (3)
K Dual Gold® 500 mL     84 88 61   96 94 85 (5)
Po
st
 e
m
er
ge
nt
B Broadstrike® 25 g 85 88 76 62 62 74 90 82 77 (8)
B/C Broadstrike® 25 g + Diuron (500 ai) 100-200 mL 75   55 67 46 67 66 44 60 (7)
B Raptor® 45-50 g       66 83 73 91 74 77 (5)
B/C Raptor® 15-22 g + Bromoxynil 370-750 mL       73     80 86 80 (3)
B Spinnaker® 250-300 mL   91 68 74 76     71 76 (5)
C Bromoxynil 1500-2000 mL   52 87 64 53 81 87 73 71 (7)
C Simazine (500 ai) 600-1000 mL 90 82 63 36 58 77 96   72 (7)
F Brodal® 150 mL       67   89     78 (2)
F/C Jaguar® 500-550 mL 80 53 53 51 55 63     59 (6)
F/I Tigrex® 400-500 mL 90 87 46 47 57 67 80 73 68 (8)
I 2,4-D (625 ai) amine 500 mL           56 78   67 (2)
I MCPA (500 ai) amine 750-1000 mL 80 61 60 55 59 69 71 75 66 (8)
K Kerb® 500-1500 mL     93   80       87 (2)
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Table 8.
Ti
m
in
g Medic 97 97 99 00 04 04 00 02 03 04
Be Be Go Do2 No No Do Dg Nh No
Herbicide Burr medic Avg Strand medic Avg
PS
PE
Spinnaker® 200-300 mL 40 19 18 26 (3) 46 36 94 32 52 (4)
Diuron (500 ai) 750 mL 87 87 (1) 78 50 64 (2)
Kerb® 500 mL 62 62 (1)
Dual Gold® 500 mL 83 79 92 85 (3) 72 68 83 97 80 (4)
Po
st
 e
m
er
ge
nt
Broadstrike® 25 g 90 85 80 82 70 63 78 (6) 74 73 98 69 79 (4)
Raptor® 40-50 g 66 55 61 (2) 67 98 82 82 (3)
Spinnaker® 250-300 mL 62 67 65 (2) 73 60 76 70 (3)
Broadstrike® 25 g + Diuron (500 ai) 
100-200 g 90 95 80 57 60 76 (5) 94 57 71 49 68 (4)
Raptor® 22 g + Bromoxynil 750 mL 50 70 60 (2) 73 73 (1)
Bromoxynil 1500-2000 mL 29 28 37 24 30 (4) 21 22 64 29 34 (4)
Simazine (500 ai) 600-800 mL 95 95 79 93 100 96 93 (6) 93 76 96 88 (3)
Jaguar® 500 mL 55 65 29 25 44 (4) 29 32 63 41 (3)
Tigrex® 400-500 mL 75 95 48 32 63 51 61 (6) 57 39 55 59 53 (4)
2,4-D (625 ai) amine 500 mL 17 9 13 (2) 38 38 (1)
MCPA (500 ai) amine 750-1000 mL 55 75 26 29 30 25 40 (6) 26 22 55 34 34 (4)
Kerb® 500-1500 mL 87 87 (1) 66 86 76 (2)
Other cultivars evaluated include Orion sphere medic, CaliphA barrel medic and the hybrid disc/strand 
medic ToreadorA.  Trial results have shown that cultivars of the same species, e.g. the burr medics 
Santiago, CavalierA and ScimitarA perform similarly, but some variability can exist between species.
KEY WORDS
pasture, legume, weeds, herbicide
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The impact of spraytopping on pasture legume seed 
set
Christiaan Valentine and David Ferris, Department of Agriculture, Northam, WA
KEY MESSAGES
Glyphosate is very damaging to pasture legume seed set, especially when applied early to mid 
flowering.
Even though spraytopping with Gramoxone® is generally safe on sub. clover, this treatment resulted in
a significant reduction in seed set for Prima gland clover, FrontierA balansa clover, Orion sphere medic
and Eastern star clover.
AIMS
To evaluate the impact of two common spraytopping treatments, glyphosate and Gramoxone®, on 
seed production of new pasture cultivars and elite lines nearing commercial release.
METHOD
A replicated experiment was established at Muresk (Northam), Western Australia in 2004 on a clay 
loam soil pH (CaCl2) 5.2.  Glyphosate (450 g/L at 360 mL/ha) + wetter and Gramoxone® (250 g/L 
paraquat at 500 mL/ha) were sprayed across 12 pasture varieties/lines on 20 and 23 September 
respectively.  The trial included 4 commercial Medicago species, 3 commercial Trifolium species and 
5 species yet to be commercialised:  Bladder clover (Trifolium spumosum), Purple clover 
(Trifolium purpureum), Moroccan clover (Trifolium isthmocarpum), Trigonella balansae, and Eastern 
star clover (Trifolium dasyurum).  The experiment was part of a large field trial to evaluate herbicide 
tolerance of annual pasture species (see crop updates 2005 – Herbicide tolerance of medic varieties 
and new annual pasture species).  Pasture legume plots were sown on 24 May at 15 kg/ha with a 
cone seeder after a knockdown herbicide.  They were maintained in a relatively weed-free condition, 
but were not grazed.  Treatment plots were 4 m2 in size and replicated 3 times; 15 unsprayed (control) 
plots were also evaluated for each cultivar/line.  Seed yield was assessed by collecting all pods/burrs 
and free seed from the soil surface within one 0.2 m2 quadrat per plot using a vacuum harvester.  
These samples were sieved and floated to remove soil, then threshed, aspirated and hand cleaned to 
extract free seed.  Flowering stage was visually assessed on 22 September by estimating the 
proportion of flowering buds that had opened.  
Select results from a similar experiment (Quairading, 2003) have been included for comparison.  The 
full set of results for the Quairading trial – the impact of herbicides on herbage and seed set – are 
reported in the 2004 Agribusiness and 2005 Crop Update proceedings.
RESULTS
Table 1. The impact of spraytopping herbicides on the seed set of selected cultivars of 
pasture legumes
Variety Common name %Flowering
Muresk, 2004 Quairading, 2003
Control
(kg/ha)
Glyphosate
(% of control)
Gramoxone®
(% of control)
Gramoxone® 
(% of control)
Dalkeith Sub. clover 22 627 3 80 110
ScimitarA Burr medic 42 1340 3 109 -
CavalierA Burr medic 28 1032 3 99 -
CaliphA Barrel medic 53 716 13 64 -
HeraldA Strand medic 48 732 14 69 -
Orion Sphere medic 30 872 3 49 -
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FrontierA Balansa clover 43 353 0 54 -
Prima Gland clover 75 527 0 38 26
Table 1 continued …
Variety Common name % Flowering
Muresk, 2004 Quairading, 2003
Control
(kg/ha)
Glyphosate
(% of control)
Gramoxone®
(% of control)
Gramoxone® 
(% of control)
New 
species 
under 
evaluation
Trigonella 
balansae 50 415 1 93 56
Bladder clover 7 1184 0 70 78
Eastern Star 
clover 72 1050 2 36 28
Moroccan clover < 1 58 < 1 31 -
* Bold values are NOT significantly different from controls; the ANOVA analysis were based on cube root 
(Muresk) and square root (Quairading) transformed yield data.
CONCLUSION
Glyphosate (360 mL/ha) was extremely damaging to seed set in all varieties and lines evaluated.  
Several factors may have contributed to the high level of damage:
(a) When glyphosate was applied (20 September) most species were at a susceptible stage of 
flowering (early to mid).  Delaying the application of glyphosate may prove less damaging 
(especially for the later maturing cultivars) but this would compromise the control of grass seed 
set in the given environment.
(b) Non-selective herbicides may have reduced seed yield by causing an artificial reduction in the 
length of the growing season (Wallace 1998).
In this experiment spraytopping with glyphosate was extremely damaging to Dalkeith sub. clover, 
whereas spraytopping with Gramoxone® had little or no impact on seed production.  However, results 
for sub. clover are not readily transferable to other pasture legume species.
Seed set in the two burr medic cultivars, ScimitarA and CavalierA was not affected by spraytopping 
with Gramoxone®.  By contrast, CaliphA barrel medic and HeraldA strand medic were more sensitive 
(30 to 40% reduction in seed set).  Orion sphere medic was the most sensitive medic variety, seed set 
being reduced by about 50 per cent.  Nevertheless, the favourable soil type and growing conditions at 
the site enabled all medic varieties spraytopped with Gramoxone to set over 400 kg/ha of seed.
FrontierA balansa clover showed a high level of sensitivity to Gramoxone®, with seed set being 
reduced by 46 per cent.
Gramoxone® was also very damaging to Prima gland clover and Eastern star clover.  These species 
were well into flowering at the time of spraying and the reduction in seed set was around 60-75 per 
cent for both cultivars and consistent between sites.
Bladder clover and Trigonella balansae, showed useful tolerance to Gramoxone®.  Bladder clover was
one of the best performing aerial seeding species both in terms of seed production and tolerance to 
spraytopping with Gramoxone®; it only suffered a 30 per cent reduction in seed set at Muresk (2004) 
and a 22 per cent reduction at Quairading (2003).  Flowering had only just commenced at the time of 
spraying in 2004 and this may have been an advantage.  The performance of Trigonella balansae was
more variable; it suffered a 20 per cent reduction in seed set at Muresk but a 44 per cent reduction at 
Quairading where it appeared less well adapted.
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Moroccan clover also appeared sensitive to Gramoxone®; seed set being reduced by 69 per cent 
relative to the unsprayed control.  However, caution should be taken when interpreting this result as 
Moroccan clover was grown outside its intended environment and sprayed much earlier than would 
normally be expected.
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Ascochyta interaction with Broadstrike in chickpeas
H.S. Dhammu1, A.K. Basandrai2,3, W.J. MacLeod1, 3 and C. Roberts1, 
1Department of Agriculture, Northam; 2CSKHPAU, Dhaulakuan, Sirmour (HP), India 
and 3CLIMA
KEY MESSAGES
· Don’t apply Broadstrikeâ in mixture with Bravoâ and/or Uptakeâ oil to diseased chickpeas.
· Application of Broadstrikeâ mixed with Bravoâ and/or Uptakeâ oil to chickpea infected with 
Ascochyta blight can increase disease severity.
BACKGROUND
Ascochyta blight is a very serious fungal disease of chickpeas in Australia and other chickpea 
producing areas around the world.  Recently released chickpea varieties are only moderately resistant 
to this disease, therefore fungicide sprays are still required to maximise yield.  Broadleaf weeds are 
also a major problem in chickpea production.  Post-emergent application of Broadstrikeâ 
(flumetsulam) at 25 g/ha is registered and commonly used to control wild radish and other broadleaf 
weeds.  Addition of Uptakeâ oil has been reported to improve the efficacy of Broadstrike against 
weeds.  Under disease free conditions, both Broadstrikeâ (25 g/ha) alone and with Uptake® oil have 
been safe for use on all chickpea varieties.  However, it has also been observed that spraying this 
herbicide mixed with Uptake® oil onto Ascochyta infected chickpeas, resulted in crop damage.  
Furthermore, the current fungicide management package requires growers to spray at 4 and 7 weeks 
after crop emergence, at times when growers want to apply selective herbicides.  Not much 
information is available on tank mix compatibility and crop safety of Broadstrikeâ, Bravoâ 
(chlorothalonil) and Uptake® oil. 
The aim of this experiment was to study the impact of Ascochyta blight infection of chickpea on the 
crop tolerance of Broadstrikeâ applied in mixes with Bravoâ and/or Uptakeâ oil.  
METHOD
Chickpea (cv. Sonali) seed were soaked in water overnight and 15 seeds were sown in 5-litre pots on 
3 November 2005 at Northam.  The pots were filled with premium potting mix covered with 5-6 cm 
layer of sandy loam soil at the top.  The plants were grown in a glasshouse maintained at 20oC, 
watered daily and fertilised weekly with Thriveâ (a complete nutrient solution).  At the 3-4 node stage 
of the plants, half of the pots (40) selected randomly were inoculated with a conidiospore suspension 
of Ascochyta rabiei (105 spores/mL) and incubated at saturated humidity for 48 hrs.  The remaining 
half of the pots were also kept separately (to avoid possibility of infection) in the same growing 
conditions for the incubation period.  After 48 hrs incubation the herbicide and fungicide treatments, 
and mixtures (Table 1) were applied using an overhead, compressed air, glasshouse boom sprayer 
calibrated to deliver 72 L/ha at 200 kPa pressure.  There were 4 replications of each treatment.  After 
application of treatments, the inoculated and uninoculated pots were put on separate tables in the 
glasshouse.  Pots were thinned to each contain 10 uniform looking plants, 5 days after the treatments 
application.
The data was recorded on disease reaction 1 week, and again 4 weeks, after herbicide sprays (WAS) 
using 1-9 scale (Nene and Reddy, 1979).  Two and 4 WAS, herbicide phytotoxicity was assessed on a 
1-3 scale (where 1 = slight yellowing, 2 = moderate yellowing, 3 = severe yellowing) and the height of 
5 randomly selected plants per pot was measured from ground level to the base of last fully opened 
leaf on the main stem.  In pots inoculated with A. rabiei, irrespective of the herbicide treatments, some 
plants died, these were recorded as maximum scores in the disease ratings (Table 1).  Four WAS, all 
plants (alive and dead) were cut at ground level and plant dry weight (g per pot) recorded.  The data 
were statistically analysed (ANOVA) using Nested design within Genstat program.
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RESULTS
· Broadstrikeâ caused slight to moderate yellowing in both the inoculated and uninoculated 
plants.  The intensity of symptoms increased with the increase in its rate from 25 to 50 g/ha.  
Broadstrikeâ 50 g/ha + Bravoâ, and Broadstrikeâ 25 g/ha + Bravoâ + Uptakeâ oil resulted in 
burning of top plant leaves in both the ascochyta inoculated and uninoculated treatments. 
· Application of Broadstrikeâ in two and/or three way mixes with Uptakeâ oil and Bravoâ on 
healthy (uninoculated) chickpea plants resulted in significantly lower plant height and dry weight 
compared to untreated control plants.  Bravoâ + Uptakeâ oil caused similar negative effects. 
· Under the moderate disease pressure produced by the inoculation of Ascochya blight, the 
infected plants had lower final plant height and dry weight compared to the same spray 
treatment in the uninoculated set (except for the Broadstrikeâ 50 g + Bravoâ treatment). 
· Application of Broadstrikeâ in mixture with Uptakeâ oil and/or Bravoâ, but not Broadstrike® 
alone, further reduced the height and dry weight of disease inoculated plants when compared 
with the diseased plants only. 
· Application of Bravoâ alone did not reduce Ascochyta severity at either assessment as 
germinating spores had penetrated leaves prior to Bravo® application and were therefore no 
longer vulnerable to the fungicide.  There was no secondary spread of Ascochyta which would 
be affected by fungicides in a field situation.
· Application of Broadstrike® and oil in combination (with or without Bravoâ) did increase disease
severity by the final assessment (4 WAS). 
DISCUSSION
· In the 3 field trials (Weeds Updates, WA 2004 and 2005) Broadstrikeâ 25 g/ha applied at 
4-6 node, with and without Uptake® oil, caused yellowing and biomass reduction (10-20%) in 
Sonali.  Broadstrikeâ applied with Uptake® oil caused more biomass reduction than when 
applied alone, but there was no effect on seed yield.  In the glasshouse experiments, plants 
were kept for 4 WAS only.  These effects are transient but take time to disappear under normal 
growing conditions, they are sometimes noticeable even up to flowering stage of the crop.  
· In the glasshouse no secondary infection of Ascochyta occurred, hence the diseased plants 
were able recover by producing healthy secondary branches.  This indicates the effects of the 
herbicide mixtures on diseased plants would possibly be more pronounced on other growth 
parameters  and seed yield in a field situation.  Moreover, tank mixing fungicides with herbicides
could reduce the herbicide efficiency.  Lancaster et al. (2005) reported that efficacy of clethodim 
(Select®) and sethoxydim (Sertin®), against crabgrass in peanuts, was reduced when these 
herbicides were applied mixed with azoxystrobin, boscalid, chlorothalonil and pyraclostrbin 
fungicides.  
CONCLUSIONS
· An interaction of Ascochyta blight with Broadstrikeâ + Bravoâ/Uptakeâ oil caused a reduction 
in chickpea plant height and dry weight under glass house conditions.  This interaction would be
more pronounced on other growth parameters and possibly on seed yield under the field 
situation. 
· Application of Broadstrike® plus Uptakeâ oil to a chickpea crop infected with Ascochyta may 
increase the disease severity.
· It is suggested that farmers should not apply Broadstrikeâ in mixture with Bravoâ and/or 
Uptakeâ oil on chickpeas affected by foliar diseases like Aschochyta and adhere to the label 
recommendations for these products.
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Table 1. Effect of treatments on Ascochyta blight disease reaction, plant height and dry weight/pot in chickpea cv. Sonali
No.
Treatment description Disease ratings(0-9 scale)
Plant height
(% of control)
Dry weight
(% of control)
Herbicides or herbicide mixture (rate/ha) Disease 1 WAS 4 WAS 2 WAS 4 WAS 4 WAS
T1 Untreated control (no herbicides or mixtures or disease) Absent 0 0 100(18.7 cm)
100
(18.7 cm)
100
(7.29 g)
T2 Broadstrikes® 25 g “ 0 0 99 103 96
T3 Broadstrike® 50 g “ 0 0 79 89 80
T4 Broadstrike® 25 g + Uptake® oil 0.25% “ 0  0 74 88 75
T5 Uptake® oil 180 mL (0.25%v/v) “ 0 0 98 104 105
T6 Bravo® 1.5 L “ 0 0 91 100 93
T7 Broadstrike® 25 g + Bravo® 1.5 L “ 0 0 65 76 72
T8 Broadstrike® 50 g + Bravo® 1.5 L “ 0 0 49 63 56
T9 Broadstrike® 25 g + Uptake® oil 0.25% + Bravo® 1.5 L “ 0 0 38 71 63
T10 Bravo® 1.5 L + Uptake® oil 0.25% “ 0 0 72 73 77
T11 Disease only (no herbicide or fungicide or mixtures) Present 4.6 4.8 69 76 61
T12 Broadstrike® 25 g “ 4.7 6.0 61 71 45
T13 Broadstrike® 50 g “ 4.9 6.6 53 64 41
T14 Broadstrike® 25 g + Uptake® oil 0.25% “ 5.9 7.5 45 53  27  
T15 Uptake® oil 180 mL (0.25%v/v) “ 5.9 6.4 61 75 53
T16 Bravo® 1.5 L “ 4.4 5.4 73 76 73
T17 Broadstrike® 25 g + Bravo® 1.5 L “ 5.9 7.3 46 56  34  
T18 Broadstrike® 50 g + Bravo® 1.5 L “ 4.9 6.7 44 53  38  
T19 Broadstrike® 25 g + Uptake® oil 0.25% + Bravo® 1.5 L “ 6.1 7.7 34 43  26  
T20 Bravo® 1.5 L + Uptake® oil 0.25% “ 5.3 6.3 46 50  49
lsd (0.05) 1.9 1.6 15 15 21
WAS - weeks after treatment spraying.  For disease reaction ratings 1-9 scale used; 1 = no infection, 9 = plant dead.
Figures in bold are significantly different from T11 (for disease ratings) and untreated control (for plant height and seed yield).
Figures in bold   and   underlined are significantly different from disease only treatment (T11).
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Best management practices for atrazine in 
broadacre crops
John Moore, Department of Agriculture, Albany, Neil Rothnie, Chemistry Centre of 
WA, Russell Speed, Department of Agriculture, Geraldton, John Simons, 
Department of Agriculture, Esperance and Ted Spadek, Chemistry Centre of WA
KEY MESSAGES
Thirteen practical guidelines for use of atrazine in broadacre crops can reduce atrazine contamination 
of surface and ground waters to insignificant levels.
SUMMARY
Contamination of water sources is most likely where there is direct application of atrazine to surface 
water or water and clay move from treated areas into rivers, lakes or other areas that recharge 
aquifers.  Movement of atrazine vertically through the soil is not likely to be a significant contributor to 
ground water contamination in Western Australia. 
INTRODUCTION
Atrazine is a herbicide that is registered to control a wide range of weeds in many broadacre crop and 
pasture situations as well as in fallows and plantations (Moore and Moore).  It is absorbed through the 
roots and foliage and inhibits photosynthesis in susceptible plants or is metabolised in tolerant plants.  
The widespread adoption of varieties of canola that are tolerant to atrazine and an increase in 
plantation areas has led to increased usage over the last ten years.  Concerns over its potential to 
contaminate ground water have led to a number of reviews, restrictions on use and recording 
protocols for high volume users (NRA, 2002; APVMA, 2004). 
Rates up to 3 kg ai/ha are registered for broadacre crops and up to 8 kg ai/ha in plantations. 
If approximately 1 per cent of the applied atrazine enters the ground water then the NHMRC guideline 
values for drinking could be exceeded.
This paper provides research based guidelines for applying atrazine and will reduce the risk of 
atrazine causing significant environmental impact.
PLANNING
Atrazine is a very cost effective herbicide in many situations and restrictions on its use will increase 
production costs in many cases.  Misuse resulting in water contamination is likely to lead to further 
restrictions being applied.  Help to keep national usage levels low by only using it and only planting 
triazine tolerant crops where they are the most profitable option.
GUIDELINE 1:  PLAN YOUR USE OF ATRAZINE FOR THE AREAS WHERE IT IS 
MORE PROFITABLE THAN OTHER WEED CONTROL METHODS.
Rate of application
As the rate of application increases so does the amount of atrazine entering ground and surface water 
reservoirs.  Detectable ground water contamination is likely if excessive rates are used or there are 
multiple applications within the season exceeding the guidelines.
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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Where there is limited mixing of ground water, high application rates could lead to localised 
contamination that may result in sporadic detectable levels of atrazine in the water.
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
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Atrazine at around 1 kg ai/ha is usually enough to provide pre-emergence weed control for 2-4 weeks. 
For longer term weed control, split applications are more effective than applying a single larger dose 
because the breakdown of atrazine in the soil is approximately exponential.  Two applications at 
1 kg ai/ha about 4 weeks apart provides similar weed control as a single application of 3 kg ai/ha.  In 
crops, such as lupins that don’t tolerate post-emergence atrazine, use simazine for the second 
application.
Atrazine and simazine have similar weed spectrums and are generally additive in their activity.  In 
most cases, a mixture at one half of each herbicide will provide similar control to a full application of 
either herbicide by itself for pre-emergence applications.  Simazine is less soluble than atrazine and is 
less likely to contaminate water. 
Time of application
The timing of atrazine application will be determined largely by the crop and weed situation.  In bare-
area situations or where no post emergence weed control is required consider using simazine or a 
mixture with simazine. 
For susceptible weeds with less than 2-3 leaves atrazine at an application rate of 1 kg ai/ha generally 
provides adequate control.  For larger weeds, add a companion herbicide that targets those weeds 
rather than increasing the atrazine rate.
Multiple applications at lower rates reduce the risk of localised areas of ground water contamination.
GUIDELINE 2:  USE SPLIT APPLICATIONS RATHER THAN INCREASED RATES 
TO INCREASE THE RESIDUAL CONTROL OF WEEDS IN TRIAZINE TOLERANT 
CROPS.
GUIDELINE 3:  USE THE MINIMUM RATE REQUIRED TO ACHIEVE WEED 
CONTROL.
GUIDELINE 4:  USE MIXTURES WITH SIMAZINE (OR OTHER HERBICIDES) TO 
REDUCE THE AMOUNT OF ATRAZINE BEING APPLIED WITHOUT 
COMPROMISING WEED CONTROL. 
GUIDELINE 5:  DON’T EXCEED THE MAXIMUM LABEL RATE. 
Weather conditions
Most of the atrazine in water comes from surface water flows carrying dissolved atrazine or atrazine 
adsorbed on the suspended clay and organic matter.  Large rainfall events soon after atrazine 
application that cause significant run off will carry atrazine to rivers and lakes.  Small rainfall events 
carry atrazine into the soil where it is bound and less likely to move off site.  In waterlogged soils, 
atrazine movement into the profile is limited and the associated anaerobic conditions reduce the rate 
of breakdown.  Following rains also result in larger run off where the soil is saturated.
High winds may carry up to 10 per cent of the herbicide off-target.  Most is deposited within 10 metres 
down wind and less than 1 per cent will move more than 60 m for boom spraying.  Herbicide does not 
drift up wind so spray-drift onto water bodies or catchment areas can be avoided by spraying when the
wind is blowing away from the sensitive area.
When low level inversions occur with low wind and high humidity, herbicides may drift many hundreds 
of metres.  In these situations, the quantities of herbicide that move are also low and are of more 
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consequence to sensitive species than from a water contamination point of view.  As atrazine is a 
water-based suspension it is not as susceptible to drift as oil based products.
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
the Grains Research & Development Corporation
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GUIDELINE 6:  DON’T APPLY ATRAZINE WHEN LARGE RAIN EVENTS THAT 
COULD LEAD TO SURFACE WATER FLOWS OR EROSION ARE EXPECTED. 
GUIDELINE 7:  AVOID APPLICATION TO WATERLOGGED SOILS AND AREAS 
THAT REGULARLY CARRY SURFACE WATER FLOWS.
GUIDELINE 8:  AVOID SPRAYING WITHIN 50-100 M OF THE UPWIND SIDE OF 
WATER BODIES OR CATCHMENT AREAS. 
Soils and topography
Atrazine may leach into watertables that are close to the surface.  GRDC funded research at 
Geraldton and Esperance has shown that direct leaching from the paddock surface into watertables 
more than 2 metres deep will not result in significant water contamination.
Atrazine contamination of water bodies is more likely on steep slopes, where there is little filtering 
vegetation and where it has been applied close to the water body.  Similarly, use of atrazine on raised 
beds should be minimised as these tend to be located in wet areas and there may be significant 
movement of water from the sprayed areas to local drainage lines. 
Atrazine degradation is generally slower in soils with high pH, though there are some references 
indicating it is slowest at a neutral pH.
GUIDELINE 8:  AVOID APPLICATION ON SANDY OR CRACKING CLAY SOILS 
THAT HAVE SHALLOW WATERTABLES (ESPECIALLY IF THEY ARE ALKALINE 
AND IN HIGH RAINFALL ZONES).
In these situations atrazine may be transported to the ground water more quickly.  In cracking clays 
atrazine laden water my travel down the cracks directly to the watertable.  In sandy soils the lack of 
clay and organic matter means atrazine travels through the soil faster and has less time to breakdown 
before entering the ground water.  Under alkaline conditions the rate of breakdown is slower and under
high rainfall conditions there is simply more water passing through the soil to carry atrazine.
GUIDELINE 9:  AVOID SPRAYING WITHIN 60 M OF WATER COURSES WHERE 
RUN-OFF MAY CARRY ATRAZINE, CLAY OR ORGANIC MATTER INTO THE 
WATER COURSE. 
On bare or steep areas this distance should be increased and where good filtering vegetation is 
present this distance is conservative.
Climate
In Mediterranean environments, low temperatures and waterlogging will reduce the rates of 
degradation in winter and lack of soil moisture will reduce degradation rates in summer.  At registered 
use rates there is little carryover from one season to the next. 90 per cent of the atrazine is expected 
to have dissipated within 13 to 36 weeks (Bos et al. 1995) in broadacre cropping regions of WA.
Atrazine degradation depends on moisture, temperature and aerobic soil conditions.  In areas with 
sporadic and high intensity rainfall, atrazine movement to ground water, streams and reservoirs is 
more likely.
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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GUIDELINE 10:  AVOID HANDLING CONCENTRATE OR MIXING HERBICIDE 
CLOSE TO WATER COURSES OR ON IMPERMEABLE SURFACES WHERE 
STORM WATER MAY CARRY HERBICIDE INTO STREAMS OR WATER BODIES. 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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GUIDELINE 11:  AVOID HANDLING CONCENTRATE NEAR BORES OR ON 
PERMEABLE RECHARGE AREAS.
GUIDELINE 12:  APPLY ADEQUATE FERTILISER TO ENSURE GOOD CROP 
GROWTH AND DON’T OVER FERTILISE WITH NITROGEN.
Plants absorb atrazine from the soil in proportion to their water usage or growth.  Applying high levels 
of nitrogen may lead to microbes preferentially using the fertiliser as a source of nitrogen rather than 
atrazine and consequently reducing microbial breakdown rates.
GUIDELINE 13:  USE LIQUID RATHER THAN GRANULAR APPLICATIONS IN 
MARGINAL SITUATIONS SUCH AS STEEP CLAYEY SITES OR WHERE RUNOFF
IS MORE LIKELY TO OCCUR.
Granules are more likely to carry more atrazine in storm water flows than soil sprayed with atrazine.
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What happens to the applied atrazine applied to fields.
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Biology and management of red dodder (Cuscuta 
planifolia) – a new threat to the grains industry
Abul Hashem1, Daya Patabendige2 and Chris Roberts3, 1Senior Research Officer, 
2Research Officer and 3Technical Officer, Department Agriculture Western Australia, 
Northam
KEY MESSAGES
Red dodder (C. planifolia) can successfully parasitise canola, chickpea, faba bean, field pea, lentil, 
lupin and sub. clover and reduce their pod or burr production by 20 per cent – 100 per cent.  
Pre-sowing herbicides such as trifluralin, simazine, Kerb® and diuron were highly effective on dodder. 
Of the post-emergent herbicides, atrazine controlled 100 per cent of dodder plants while Lexone® and
Sniper® were 83 per cent effective.  About 88 per cent of seeds of C. planifolia are dormant and can 
germinate slowly over a range of temperatures.
AIMS
Cuscuta planifolia Ten. (red dodder) was found in a canola crop in the Northern Agricultural region of 
WA in 2001, the first time for any reported infection of canola.  It poses a new and serious weed threat 
to the grains industry.  Dodder can attack a range of hosts, especially those in the Fabaceae (Legume)
and Solanaceae families.  It does not grow well on cereals or other grasses. 
The presence of dodder in paddocks and the potential for contamination of produce may exclude that 
produce from some markets where there is a zero tolerance for dodder seed.  This is perhaps the 
most serious implication of the emergence of dodder as a crop weed, far outweighing its direct effect 
on yield loss.  Very little information is available on the biology and management of this parasitic weed 
under WA wheatbelt conditions.  GRDC have funded a project to: 
(1) determine the germination and growth of C. planifolia over a range of temperature and light 
conditions;
(2) determine effects of different host crop plants on the germination and survival of C. planifolia 
plants;
(3) measure the effects of C. planifolia parasitisation on the growth of host crop plants; and
(4) develop control options to manage this parasitic weed species.
METHOD
A series of experiments were conducted under laboratory and glasshouse conditions at Northam in 
2005.
Release of C. planifolia seed dormancy 
To release dodder seed from dormancy, the seeds were treated with concentrated sulphuric acid for 
10 minutes and then allowed to germinate at three temperature regimes (5/15, 10/20 and 15/30°C 
night/day) with or without prior chilling.  Effect of light and dark conditions during germination 
processes was examined by subjecting the untreated seeds to full light and total dark conditions.  
Germination of seeds was recorded either daily or every alternate day for 3-6 weeks.  Fifty seeds were
sown per petri dish with 3-5 replications. 
Host preference for C. planifolia plants
To determine the effects of different host crop plants on the germination and survival of C. planifolia, 
treated seeds of dodder were sown with seven species of crops and pastures (canola, chickpea, faba 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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bean, field pea, lentil, lupin, and sub. clover) in 10 L pots with three replications.  An untreated set of 
three pots/species was maintained without dodder seeds.  Emergence and survival of dodder plants 
were recorded for up to 7 weeks.
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Figure 2. Emergence and survival of Cuscuta planifolia plants in 
association with various host crop plants under glasshouse conditions at 
Northam in 2005. 
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Effect of C. planifolia parasitisation on the growth of host plant species 
To quantify the effect of parasitisation by C. planifolia on the performance of host plant species, seeds 
of all host plants and dodder were sown together.  Germination enhanced seeds were sown on the 
surface of pots and covered with a thin layer of sandy soil.  In the pots where natural parasitisation did 
not occur, artificial parasitisation was performed by wrapping an 8 cm long fragment of dodder shoot 
on to the stem of the target host plant.  Pods produced by host crop plants both in the absence and 
presence of dodder were counted and dry biomass of dodder plant/pot was measured.
Effect of time of sowing on dodder emergence and survival
The effect of sowing time of crop and pasture species on the emergence and survival of dodder plants 
was examined under glasshouse conditions but results on only lupins are reported here.  Germination 
enhanced dodder seeds were sown in pots as described above.  Some lupin seed was sown on the 
same day as the dodder; the remainder were sown at weekly intervals over a period of one month.  
Emergence and survival of dodder plants were recorded for each time of sowing (TOS). 
Dodder control by pre-sowing herbicides 
Efficacy of selective pre-sowing herbicides on the control of dodder in all crop and pasture species 
was evaluated under glasshouse conditions.  Crop and pasture plants were sown in pots and 
germination enhanced dodder seeds were sown following the same procedure as described above.  
Selected herbicides recommended for each host species were sprayed and covered with a thin layer 
of sandy soil.  An untreated set of control pots for each host species was maintained to compare the 
efficacy of herbicides.  Emergence and mortality of dodder plants were recorded for 7 weeks after 
sowing. 
Dodder control by post-emergence herbicides 
Efficacy of selective post-emergent herbicides on the control of dodder in all crop and pasture species 
was evaluated under glasshouse conditions.  Crop and pasture seeds were sown in pots and 
germination enhanced dodder seeds were sown following the same procedure as described above.  
Selected herbicides recommended for each host plant species were sprayed at label rate and at the 
recommended growth stage of each host plant species.  An untreated set of control pots for each host 
species was maintained to compare the efficacy of herbicides.  Density and mortality of dodder plants 
were recorded 4 weeks after spraying.
RESULTS
Release of C. planifolia seed dormancy
Based on 450 seeds (50 seeds/petri dish* 3
temperature regimes * 3 replications), 88 per
cent of dodder seeds were dormant.  Soaking
seeds in concentrated sulphuric acid for 10
minutes (followed by rinsing with distilled water)
increased germination from 12 per cent to 45 per
cent (Figure 1).  Chilling after acid treatment
reduced germination of dodder compared to acid
+ chilling treatment while chilling without acid
treatment did not affect its germination.
Temperature regimes (5/15, 10/20, and 15/30°C
night/day) did not affect germination of treated
dodder seed under growth cabinet conditions.
Germination of untreated dodder seeds was
higher under total dark conditions than under
light conditions (data not presented). 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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Figure 1. Effect of cocnetrated sulphuric acid and chilling on the 
germination of Cuscuta planifolia seeds under conditions at Northam in 
2005.
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Host preference for C. planifolia plants
Germination of treated dodder seeds sown with various host crop and pasture species started 5 days 
after sowing (DAS) in lupin and 7 DAS in other plant species.  Regardless of species, the highest 
number of surviving dodder plants (5-30/pot) was found 8-22 DAS (except in canola) whereafter the 
number of surviving dodder plants gradually decreased.  Regardless of species, the number of 
surviving dodder plants at 44 DAS was reduced to 3-6 plants/pot. 
Although the number of surviving 
dodder plants did not vary greatly at 
44 DAS, based on the highest 
observed number of surviving dodder 
plants the host species may be ranked 
in the order of decreasing preference 
by dodder as lupin>lentil>field 
pea>faba bean>chickpea>sub. 
clover>canola (data for field pea and 
sub. clover not presented).  Infestation 
of dodder in canola started late and 
stayed at a very low level although final
surviving plant number was similar to 
those in lupin.
The time taken for the surviving dodder plants to develop first visible circumnutation (also called 
wrapping or coiling) on the host plant stem varied greatly between host species.  First circumnutation 
was observed 7 DAS in field pea and lentil, 9 DAS in lupin, 12 DAS in sub. clover, 17 DAS in canola 
and chickpea, and 29 DAS in faba bean.  After the first circumnutation or wrapping on the host stem, 
the dodder plant must then establish haustoria on the stem to be able to survive. 
Effect on the production of pods or burr by host plant species 
The production of pods or burr was greatly
affected by dodder in all host species (Figure 4)
except in canola (data not presented) where the
number of surviving dodder plants was also
lower than in the other species (Figure 2).
Although the overall number of pods or burr per
plant in some species such as faba bean was
low in the control (no-dodder) pots, the
presence of dodder reduced pods or burr/plant
by 20 per cent in lentil, 50 per cent in faba
bean, 60 per cent in lupin, 75 per cent in
chickpea, and 100 per cent in sub. clover
(Figure 4).  The dry biomass of the host species
plants measured at senescence was not
reduced by the presence of dodder plants.
However, a further investigation is needed to
verify this result.
Effect of time of sowing on dodder
emergence and survival
Since a dodder plant must contact a suitable
host plant within 3-4 days, a delay in the
sowing of crop may help reduce the density
of the emerged dodder plants.  Results from
the time of sowing experiment show that
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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Figure 3. Time taken by emerged Cuscuta planifolia plants to begin 
circumnutation on the host crop plants under glasshouse conditions at 
Northam in 2005.
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Figure 4. Effect of Cuscuta planifolia  infection on the production of pods by 
various crops crop under glasshouse conditions at Northam in 2005.
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delaying the sowing time of lupins can substantially reduce the number of surviving dodder plants, but 
this period needs to be at least two weeks after dodder germination.
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Dodder control by pre-sowing and post-emergent herbicides
Dodder plants are completely dependent on their own roots for minerals and water uptake for the first 
few days of their life cycle (before establishing haustoria on the host plant).  This is the stage when 
dodder is most vulnerable to any external stress.  All pre-sowing herbicides used in this study 
controlled 91-100 per cent of dodder plants.  No emergence of dodder plants was observed in pots 
sprayed with Kerb® while a few plants emerged in the pots sprayed with trifluralin.  Dodder in all other 
pre-sowing herbicide treatments emerged normally and then slowly died. 
Among the post-emergent herbicides sprayed at the recommended stages of each of host plant 
species, atrazine controlled 100 per cent of dodder plants, Lexone® and Sniper® each controlled 
83 per cent, and Broadstrike® and Lontrel® each controlled 50 per cent.  Efficacy of other herbicides 
such as Eclipse®, Brodal®, Raptor® and Tough® was less than 40 per cent.
Table 1. Effect of different pre-sowing and post-emergent herbicides on the control of 
dodder plants in legume crop and pasture plants
Pre-sowing herbicide Dodder control (%) Post-emergent herbicide Dodder control (%)
Diuron 91 Atrazine 100
Kerb® 100 Broad-strike® 50
Lexone® 97 Brodal® 33
Simazine 100 Eclipse® 33
Spinnaker® 93 Lexone® + Brodal® 83
Trifluralin 100 Lexone® 83
lsd.05 18 Lontrel® 50
  Raptor® 39
Sniper® 83
Tough® 17
lsd.05 20.0
CONCLUSION
Dodder seeds have a high level of dormancy and can germinate over a range of temperatures.  
C. planifolia successfully infested all crop and pasture species (canola, chickpea, faba bean, field pea,
lentil, lupin and sub. clover) and reduced their pod or burr production by 20-100 per cent.  Pre-sowing 
herbicides such as diuron, Kerb®, Lexone®, spinnaker® and trifluralin, and atrazine applied post-
emergence were highly effective on dodder while Lexone® and Sniper® at post-emergence provided 
useful control.
KEY WORDS
dodder, seed dormancy, host preference, pod production, time of sowing, herbicide control
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Help the wizard stop the green invaders!
Michael Renton, Sally Peltzer and Art Diggle, Department of Agriculture
KEY MESSAGES
We want your help in developing a new weed management tool called ‘The Weed Seed Wizard’.
AIM
To involve end-users in the design and development of ‘The Weed Seed Wizard’.
BACKGROUND
As part of Sustainable Cropping Systems within the CRC for Australian Weed Management, a 
seedbank calculator - ‘The Weed Seed Wizard – a Decision Making Tool’ - is being developed to 
coordinate management of weed seed in the seedbank.  To ensure that the tool will ultimately be 
useful to consultants and farmers, we are asking for input into its design.
We envisage that the Wizard will use paddock record information and simulation of seed biology to 
track the amounts, ages, physical locations, dormancy levels and germinability of seeds in the soil 
over a number of years.  The Wizard is likely to operate as an adjunct to paddock record-keeping 
software, using farmer records concerning paddock management decisions, the site, and other 
observations.  Such records might include crop sown, sowing date, seeding rate, tillage and grazing 
management, herbicide application, crop yield, weed density, rainfall etc. 
The Weed Seed Wizard will take into account minimum tillage planting systems combined with 
strategic use of a range of other techniques, such as soil inversion, autumn tickle, and burning or 
grazing for stubble management.  It will also incorporate recent advances in understanding of the 
factors that affect germination and death of weed seeds, in order to predict the amount of weeds 
appearing each year.
The Wizard will target major in-crop annual weeds from each State.  For the southern States, target 
weeds might include barley grass, brome grass, silver grass, annual ryegrass, wild oats and wild 
radish.  Northern weeds might include sweet summer grass, liverseed grass, barnyard grass, native 
jute, bladder ketmia, African turnip weed and sowthistle.
METHODS - WE NEED YOUR HELP!
In order to produce the best possible tool for you to manage weed banks, we would like your feedback
on a number of questions:
1. What is your background, interest and experience in weed management?
2. How do you rate the importance of being able to understand and predict the weed seed bank? 
3. What are the key weed management decisions that the Wizard should take into account?
4. What tools or information sources have you used for managing weeds in the past? 
5. How should the Weed Seed Wizard be made available for use?
6. What weed problems would you like to use a Weed Seed Wizard to address?
7. What kind of information would you like the Weed Seed Wizard to present?
8. Do you have any other thoughts on how to make the Weed Seed Wizard into a useful 
management tool?
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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9. Would you be willing to be contacted at a later date to provide further feedback for the 
development of the Weed Seed Wizard?  If so, how can we contact you?
Crop Updates is a partnership between the Department of Agriculture, Western Australia and 
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Please visit us in the poster sessions to discuss the wizard, or contact:
Michael Renton, mrenton@agric.wa.gov.au; (08) 9368 3785
Sally Peltzer, speltzer@agric.wa.gov.au; (08) 9892 8504
Art Diggle, adiggle@agric.wa.gov.au; (08) 9368 3669
KEY WORDS
weeds, model, seed, simulation, seedbank, seed ecology, individual-based
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